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 RIT component of SRIT “LTE release 10 & beyond (LTE-Advanced)”
	Item
	Item to be described

	4.2.3.2.1
	Test environment(s)

	4.2.3.2.1.1
	What test environments (described in Report ITU-R M.2135) does this technology description template address?
This technology description template addresses all of the four test environments i.e. indoor, microcellular, base coverage urban, and high speed.

	4.2.3.2.2
	Radio interface functional aspects 

	4.2.3.2.2.1
	Multiple access schemes

Which access scheme(s) does the proposal use: TDMA, FDMA, CDMA, OFDMA, IDMA, SDMA, hybrid, or another? Describe in detail the multiple access schemes employed with their main parameters.
Multiple access based on a combination of 

OFDMA:
Transmission to/from different UEs using mutually orthogonal frequency assignments. Sub-carrier spacing: 15 kHz. Granularity in frequency assignment: One resource block consisting of twelve subcarriers ( 180 kHz. DFT-spread OFDM  is applied for uplink
TDMA:

Transmission to/from different UEs with separation in time. 
Granularity: One subframe of length 1 ms (for more details on the frame structure, see Item 4.2.3.2.7 and the references therein)

CDMA: 
Inter-cell interference suppressed by processing gain of channel coding allowing for a frequency reuse of one (for more details on channel-coding, see Item 4.2.3.2.2.3 and the reference therein).
 SDMA:

Possibility to transmit to/from multiple users using the same  time/frequency resource (SDMA a.k.a. “multi-user MIMO”) as part of the advanced-antenna capabilities (for more details on the advanced-antenna capabilities, see Item 4.2.3.2.9 and the reference therein)

	4.2.3.2.2.2
	Modulation scheme

	4.2.3.2.2.2.1
	What is the baseband modulation scheme? If both data modulation and spreading modulation are required, describe in detail.

Describe the modulation scheme employed for data and control information.

What is the symbol rate after modulation?
Data and higher-layer control: QPSK, 16QAM, 64QAM

L1/L2 control: BPSK (uplink only), QPSK

Symbol rate:
 168 ksymbols/s per 180 kHz resource  block



	4.2.3.2.2.2.2
	PAPR

What is the RF peak to average power ratio after baseband filtering (dB)? Describe the PAPR (peak-to-average power ratio) reduction algorithms if they are used in the proposed RIT.
Downlink: PAPR = 8.4 dB (99.9%). 

Uplink: PAPR and Cubic Metric (CM) depends on modulation scheme and number of component carrier. 
The cubic metric (CM) is a method of predicting the power de-rating from signal modulation characteristics and is found to be more useful than other metrics such as peak-to-average power ratio (PAPR). 
For single-component-carrier transmission with a frequency-contiguous resource assignment:
- QPSK: PAPR = 5.8 dB (99.9%), CM = 1.2 dB

- 16QAM: PAPR = 6.5 dB (99.9%), CM =2.1 dB

- 64QAM: PAPR = 6.6 dB (99.9%), CM = 2.3 dB
Any PAPR-reduction algorithm is transmitter-implementation specific for uplink and downlink.

	4.2.3.2.2.3 
	Error control coding scheme and interleaving

	4.2.3.2.2.3.1
	Provide details of error control coding scheme for both downlink and uplink?

For example, 

· FEC or other schemes?

· Unequal error protection? 

Explain the decoding mechanism employed.
For data: Rate 1/3 Turbo coding, combined with rate matching based on puncturing/repetition to achieve a desired overall code rate

For L1/L2 control: Rate-1/3 tail-biting convolutional coding. Special block codes for some L1/L2 control signaling

For more details, see [36.212] sub-clauses 5.1.3 and 5.1.4

Decoding mechanism is receiver-implementation specific. One example of decoding mechanisum used in the self-evaluation is  iterative max-log-map decoding to decode the Turbo code

	4.2.3.2.2.3.2
	Describe the bit interleaving scheme for both uplink and downlink.
Bit interleaving is performed as part of the encoding/rate-matching process, see [36.212] sub-clauses 5.1.3 and 5.1.4 for more details. 

Additional interleaving is performed in uplink, see [36.212] sub-clause 5.2.2.8 for more details.

	4.2.3.2.3


	Describe channel tracking capabilities (e.g. channel tracking algorithm, pilot symbol configuration, etc.) to accommodate rapidly changing delay spread profile.
To support channel tracking, different types of reference signals can be transmitted on downlink and uplink respectively.
Downlink:

Cell-specific RS (CRS) are transmitted in every subframe and over the entire frequency band. Up to four different CRS can be transmitted within a cell, with each CRS corresponding to one of up to four cell-specific antenna ports, referred to antenna port 0 to 3 respectively.  The CRS can be used for downlink channel estimation for coherent demodulation of physical channels transmitted from antenna ports 0 to 3. The CRS can also be used to derive channel-state information (CSI) for the corresponding antenna ports. The CSI can e.g. be used to assist scheduling (including link adaptation, precoder-matrix/vector selection, etc.). For the detailed structure of CRS, see [36.211] sub-clause 6.10.1.

UE-specific RS can be used for downlink channel estimation for coherent demodulation of PDSCH (Physical Downlink Shared Channel). Up to eight different UE-specific reference signals corresponding to up to eight layers can be transmitted from a UE point-of-view. In a given subframe, the UE-specific reference signals are only transmitted within the resource blocks that are used for PDSCH transmission to the specific UE within this subframe. For the detailed structure of UE-specific RS for the case of transmission from a single antenna port (a.k.a. antenna port 5), see [36.211] sub-clause 6.10.3. The structure for the case of transmission from multiple antenna ports is an extension of the structure for the case of a single antenna port. In case of transmission from two antenna ports, the RS overhead (number of resource elements used for RS) is the same as for one antenna port (12 resource elements per resource block). In case of more than two antenna ports the RS overhead is 24 resource elements per resource block.
CSI-RS can be used for estimation of channel-state information (CSI) to further prepare feedback reporting to eNB (CQI for link adaptation, precoder-matrix/vector selection, etc.) to assist beamforming and scheduling for up to eight layers of transmission. CSI-RS are transmitted in every Nth subframe, where N is configurable. 
Uplink: 

Demodulation RS (DRS) can be used for channel estimation for coherent demodulation of the Physical Uplink Shared Channel (PUSCH) and the Physical Uplink Control Channel (PUCCH). Uplink DRS for demodulation of PUSCH are transmitted once every slot (twice every subframe) in the subframes in which PUSCH is being transmitted. Up to four uplink DRS can be transmitted from a UE. The instantaneous bandwidth of the uplink DRS equals the instantaneous bandwidth of the corresponding PUSCH transmission.In case that coodbook based  precoding is supported, DRS is also precoded as same manner
For the detailed structure of uplink DRS for PUSCH transmission for the case of single antenna transmission,, see [36.211] sub-clause 5.5.2.1. The structure for the case of transmission from multiple antenna ports is an extension of the structure for the case of a single antenna port.
Sounding RS (SRS) can be used for estimation of uplink channel-state information to assist uplink scheduling , uplink power control, and also assist the downlink transmission (e.g. the downlink beamforming in the scenario with UL/DL reciprocity, [note: for TDD RIT] especially in case of TDD[end of text  for TDD RIT]. Uplink SRS are transmitted every Nth subframe, [note: for TDD RIT]  including UpPTS[end of text  for TDD RIT], where N is configurable. For the detailed structure of uplink SRS see [36.211] sub-clause 5.5.3.
Details of channel-tracking/estimation algorithms are receiver-implementation specific, e.g. MMSE-based channel estimation with appropriate interpolation in time and frequency domain could be used.


	4.2.3.2.4
	Physical channel structure and multiplexing 

	4.2.3.2.4.1
	What is the physical channel bit rate (Mbit/s) for supported bandwidths?

i.e., the product of the modulation symbol rate (in symbols per second), bits per modulation symbol, and the number of streams supported by the antenna system.
The physical channel bit rate depends on the modulation scheme and number of spatial-multiplexing layers. The physical channel bit rate per layer can be expressed as 

Rlayer = Nmod x NRB x 168 kbps 
where 

· Nmod is the number of bits per modulation symbol for the applied modulation scheme (QPSK: 2, 16QAM: 4, 64QAM: 6)
· NRB is the number of resource blocks in the aggregated frequency domain which depends on the channel bandwidth (e.g. NRB =25 for 5 MHz, NRB =50 for 10 MHz, and NRB =100 for 20 MHz. For channel bandwidths larger than 20 MHz (carrier aggregation), the channel bit rate will  scale accordingly.

	4.2.3.2.4.2
	Layer 1 and Layer 2 overhead estimation.

Describe how the RIT accounts for all layer 1 (PHY) and layer 2 (MAC) overhead and provide an accurate estimate that includes static and dynamic overheads. 

Downlink
The downlink L1/L2 overhead includes:

1. Different types of reference signals
a) Cell-specific RS (CRS) transmitted within each resource block

b) UE-specific RS (URS)

c) Reference signals specifically targeting estimation of channel-state information (CSI-RS)
2. L1/L2 control signalling transmitted on the up to three  (four in case of 1.4 MHz bandwidth) first OFDM symbols of each subframe
3. Synchronization signal and physical broadcast control channel
4. PDU headers in L2 sub-layers (MAC/RLC/PDCP) 

Overhead due to 1, 2, and 3 is included in the self-evaluation.
The combined overhead due to CRS (1a) and L1/L2 control signaling (2) depends on the number of cell-specific antenna ports and the number of OFDM symbols used for the L1/L2 control signaling. The number of overhead resource elements per resource-block pair (168 resource elements in total) and the corresponding relative overhead is given by the table below in case of non-MBSFM subframes.
Overhead (number of resource elements per resource-block pair and in percentage) due to L1/L2 control signaling and cell-specific reference signals:
Number of cell-specific antenna ports

Control-region size

1

2

4

L=1

18 (10.7%)

24 (14.3%)

32 (19.0%)

L=2

30 (17.9%)

36 (21.4%)

40 (23.9%)

L=3

42 (25%)

48 (28.6%)

52 (31.0%)

· 
· 
· 
· 
In case of MBSFN subframes, the overhead is reduced to the following according to the table below:
Overhead (number of resource elements per resource-block pair and in percentage) due to L1/L2 control signaling and cell-specific reference signals:
Number of cell-specific antenna ports

Control-region size

1

2

4

L=1

12 (7.1%)

12  (7.1%)

16 (9.5%)
L=2

24 (14.2%)

24 (14.2%)

24 (14.2%)

L=3

36 (21.4%)

36 (21.4%)

36 (21.4%)

Note: All the subframes are assumed to be MBSFN subframe in overhead estimation above. The typical configuration is 6 MBSFN subframe per radio frame (10 subframes).
The overhead due UE-specific reference signals (1b) depends on the number of UE-specific antennas ports and is given by the table below. Note that the overhead due to UE-specific reference signals is only present in resource blocks in which UE-specific reference signals are being transmitted. 

Overhead (number of resource elements per resource-block pair and in percentage) due to UE-specific reference signals:
Number of antenna ports

1-2

12 (7.1%)

3-8

24 (14.3%)

The relative overhead due to synchronization signals and physical broadcast channel (3) depends on the operation bandwidth. A total of 528 resource elements per 10 ms frame is used for the synchronization signals and PBCH, corresponding to approximately 0.6% and 0.3% overhead for a 10 MHz and 20 MHz operation bandwidth respectively. 
If present, the relative overhead due to due to CSI-RS (1c) is estimated to be 0.12% per antenna port (0.48% for four antenna ports and 0.96% for eight antenna ports) in the typical case.  
The overhead due to PDU headers (4) highly depends on the data packet size and is approximately 2.7%, 0.51%, and 0.32% for L1 data rates of 1 Mbps, 10 Mbps, and 100 Mbps respectively. This overhead is not included in the self-evaluation. 

[note: for FDD RIT]
The relative overhead due to synchronization signals and physical broadcast channel (3) depends on operation bandwidth. , A total of 528 resource elements per 10 ms frame is used for the synchronization signals and PBCH, corresponding to approximately 0.6% and  0.3%, overhead for 10 and 20MHz operation bandwidth, repectively.

[end of text  for FDD RIT]
[note: for TDD RIT]
The relative overhead due to synchronization signals and physical broadcast channel (3) depends on operation bandwidth and DL/UL configuration. A total of 528 resource elements per 10 ms frame is used for the synchronization signals and PBCH. For a DL:UL ratio of 3:2 ("UL/DL configuration 1"), it is approximately 1.0% and  0.5%, for 10 and 20MHz operation bandwidth, respectively.
[end of text  for TDD RIT]
The overhead due to PDU headers (4) highly depends on the data packet size, and is approximately 2.7%, 0.51% and 0.32% for L1 data rates of 1, 10 and 100 Mbit/s, respectively. This overhead is not included in the self-evaluation.
[note: for FDD RIT]
If present,, the relative overhead due to CSI-RS (1c) is depended on the number of antenna and periodicity. In typical case it isestimated to 0.12% per antenna port ((0.48% for four antenna ports and 0.96% for eight antenna ports)
[end of text  for FDD RIT]
[note: for TDD RIT]
If present, the relative overhead for CSI-RS is on the number of antenna and periodicity . In typical case, it is estimated to 0.21% per antenna port (1.68% for eight antenna ports) with DL:UL ratio of 3:2 ("UL/DL configuration 1"),
[end of text  for TDD RIT]
The relative overhead due to UE-specific RS (if present) is estimated to be approximately 7% in case of Rank 1 and Rank 2 transmission, and 14% for Rank 3-8 transmission. 

Uplink

L1/L2 overhead includes:

1. Demodulation reference symbols used e.g. for uplink channel estimation for uplink coherent demodulation, transmitted once every 0.5 ms slot. 
2. Sounding reference signal (SRS) used for uplink channel-state estimation at the nework side 
3. L1/L2 control signalling transmitted on configurable amount of resource blocks (see also Item 4.2.3.2.4.5)
4. L2 control overhead due to e.g., random access, uplink time-alignment control, power headroom reports and buffer-status reports

5. PDU headers in L2 layers (MAC/RLC/PDCP) 

The amount of overhead caused by 1 is approximately 14%, corresponding to one DFTS-OFDM symbol in each slot. The relative overhead is estimated to be independent of the rank of the transmission.
[note: for FDD RIT]
The amount of SRS overhead depends on the SRS transmission interval and SRS BW. With a 10 msec SRS transmission interval and full band SRS, the relative  overhead  is approximately 0.7%

 Amount of uplink resources reserved for random access depends on the configuration. 
A typical case with PRACH format 0  is six resource blocks per radio frame, implying a relative overhead of  0.6%, 1.2%, and 2.4% for a channel bandwidth of 20 MHz, 10 MHz, and 5 MHz respectively.
[end of text  for FDD RIT]
[note: for TDD RIT]

The amount of SRS overhead depends on the SRS transmission interval, SRS BW and the usage of UpPTS. For a DL:UL ratio of 3:2 ("UL/DL configuration 1") with four DL/UL switching points per 10ms radio frame, SRS transmission with same interval as TDD UL/DL transmission of 5 msec and full band SRS within UpPTS, the relative  overhead  is approximately 3.45%
Amount of uplink resources reserved for random access depends on the configuration. 
A typical case for a DL:UL ratio of 3:2 ("UL/DL configuration 1") and PRACH preamble format 0 is six resource blocks per radio frame, implying a relative overhead of 1.4%，2.8%，5.6% for a channel bandwidth of 20MHz, 10MHz, and 5MHz, resepectively. For PRACH preamble format 4, a typical case of six resource blocks per radio frame implies a relative overhead of 0.2%, 0.4%, 0.8% for a channel bandwidth of 20MHz, 10MHz, and 5MHz, resepectively. More details can be found in [36.211].
[end of text  for TDD RIT]
The relative overhead due to uplink time-alignment control depends on the configuration and the number of active UEs within a cell. The absolute overhead is typically less than 32 bps per UE.

The amount of overhead for buffer status reports depends on the configuration. With continuous data and a 10 - 20 ms reporting interval the absolute overhead is 0.8-3.2 kbps.

The amount of overhead caused by 5 highly depends on the data packet size, and is approximately 2.7%, 0,51% and 0,32% for L1 data rates of 1, 10 and 100 Mbit/s, respectively.
Above overhead calculations are based on normal CP length.

	4.2.3.2.4.3
	Variable bit rate capabilities:  

Describe how the proposal supports different applications and services with various bit rate requirements.
For a given combination of modulation scheme, code rate, and number of spatial-multiplexing layers, the data rate available to a user can be controlled by the scheduler by assigning different number of resource blocks for the transmission. In case of multiple services, the available/assigned resource, and thus the available data rate, is shared between the services.

	4.2.3.2.4.4
	Variable payload capabilities:

Describe how the RIT supports IP-based application layer protocols/services (e.g., VoIP, video-streaming, interactive gaming, etc.) with variable-size payloads.
See 4.2.3.2.4.3. The RIT is designed primarily for IP based services.  The transport-block size can vary between 16 bits and 2*149776 bits. The number of bits per transport block can be assigned with a fine granularity. 

See [36.213] sub-clause 7.1.7.2.1 for details.

	4.2.3.2.4.5
	Signalling transmission scheme:  Describe how transmission schemes are different for signalling/control from that of user data.
Downlink

L1/L2 control signalling is time-multiplexed with data and transmitted in the first up to three OFDM symbols of each subframe. Control signalling is not confined to a certain set of resource blocks but is spread over the overall system bandwidths. Control signalling is limited to QPSK modulation (QPSK, 16QAM, and 64QAM for data). Control signalling relies on tail-biting convolutional coding (Turbo-codes for data).

Uplink

L1/L2 control signalling transmitted in one or multiple resource blocks at the edge of the system bandwidth and frequency multiplexed with data. 
Higher-layer signalling (e.g. MAC, RLC, PDCP headers and RRC signalling) is carried within transport blocks and thus transmitted using the same physical-layer transmitter processing as user data.



	4.2.3.2.5
	Mobility management (Handover)

	4.2.3.2.5.1
	Describe the handover mechanisms and procedures which are associated with 
· Inter-System handover

· Intra-System handover

· Intra-frequency and Inter-frequency

· Within the RIT or between RITs within one SRIT (if applicable)

Characterize the type of handover strategy or strategies (for example, MS or BS assisted handover, type of handover measurements).
Inter-system handover and intra-system handover are based on UE assisted network control, i.e., the handover decision in connected mode is made by the network, based on possible measurement reports from the UE. The UE measurements are based on the reference symbol strength or quality, and various measurement reporting conditions are configurable by the network as defined in [36.331].

For inter-frequency and inter-system measurements, depending on the UE capability, the network allocates measurement gaps during which no data are sent for the UE, so that the UE could perform the necessary measurements using a single receiver. During the measurement gaps, the particular UE cannot be scheduled for data transmission, but the vacant resources could still be used for other UEs, because of the shared channel mechanism.

U-plane data forwarding is supported in both Inter-System and Intra-System handover to realize a lossless handover.
For intra-system handover, the mechanisms and procedures are the same  for handover within each RIT and between the two RITs of the SRIT.
For an overall description of the handover procedure, see [23.401] and [36.300].

	4.2.3.2.5.2
	What are the handover interruption times for:

· Within the RIT (intra- and inter-frequency)

· Between various  RITs within a SRIT

· Between the RIT and another IMT system.
For intra-RIT handover, the estimated total average interruption time is about 12 ms under typical configuration. 

There is no difference between intra- and inter-frequency handover. 

And, there is no difference between intra- and inter-RITs handover. (For more details see [25.912] clause 13.6.2.)
For handover between LTE and UTRAN/GERAN, the requirement is <300ms for real-time services and <500ms for non-real-time services. (For more details see in [25.913] clause 8.4.)

Similar performance is expected for handover between LTE and cdma2000
For the RIT, similar performance is expected.

	4.2.3.2.6
	Radio resource management

	4.2.3.2.6.1
	Describe the radio resource management, support of,

· centralised and/or distributed RRM
· dynamic and flexible radio resource management

· efficient load balancing.
RRM control in the RIT is based on a distributed manner, i.e. all of RRM related functions e.g. radio bearer control, radio admission control, packet scheduling and load balancing, are located in the base station.

The radio resource management control ranges from those which are highly dynamic, e.g. scheduling and power control, to those which are less dynamic, e.g. load balancing.

Scheduling operates on a per resource-block-pair basis (one subframe of 1ms over 180kHz). Similarly, power control commands can be sent as often as once every 1 ms subframe.

In addition to the basic RRM control, to assist load balancing between cells of different base stations , a mechanism of exchanging and updating the relevant measurements e.g. PRB resource measurements, interference indicators (High Intereference Indicator and Overload Indicator), downlink RNTP, etc., between base stations is supported.
· 

	4.2.3.2.6.2
	Inter-RIT interworking

Describe the functional blocks and mechanisms for interworking  (such as a network architecture model) between heterogeneous RITs within a SRIT, if supported.
The source RAN requests handover and forwards the UE context to the target RAN via the CN in a transparent manner. The target RAN makes the decision whether to accept or deny the handover request. If the request is accepted, the target RAN generates the handover command message which is transparently sent over the source RAN to the UE.
The RIT network interface supports the transparent transport of signalling for Inter-RIT interworking, e.g. handover signalling, RAN Information Management (RIM) transfer signalling.
Based on UE capability, cell selection/reselection between FDD frequency and TDD frequency is supported based on priority scheme. Also during RRC connection release procedure, it’s possible to redirect UE to FDD/TDD frequency.


	4.2.3.2.6.3
	Connection/session management

The mechanisms for connection/session management over the air-interface should be described. For example:
· the support of multiple protocol states with fast and dynamic transitions. 

· The signalling schemes for allocating and releasing resources. 
Connection/session management is performed by the RRC protocol between the UE and RAN, and the NAS protocol between the UE and CN. The RRC protocol has only two states, i.e., RRC_CONNECTED and RRC_IDLE. RRC messages are used e.g., to establish connection, configure the radio bearers and their corresponding attributes, and to control mobility. The NAS protocol performs e.g., authentication, bearer context activation/ deactivation and location registration management.

For details of the RRC protocol and procedures, see [36.331]. For details of the NAS protocol and procedures, see [24.301].

	4.2.3.2.7
	Frame structure

	4.2.3.2.7.1
	Describe the frame structure for downlink and uplink by providing sufficient information such as:

· frame length,

· the number of time slots per frame,

· the number and position of switch points per frame for TDD

· guard time or the number of guard bits,

· user payload information per time slot,

· control channel structure and multiplexing,

· power control bit rate.
One radio frame of length 10 ms consisting of 10 subframes, each of length 1 ms. Each subframe consisting of two slots, each of length 0.5 ms. Each slot consisting of seven OFDM symbols (six OFDM symbols in case of extended cyclic prefix)
[note: For TDD RIT] 
For the frame structure of TDD, it is possible to have two DL/UL switching points (one downlink part and one uplink part) or four DL/UL switching points (two downlink parts and two uplink parts) per frame. Switching downlink to uplink takes place in a special subframe which consists of the three fields DwPTS, GP and UpPTS, see [36.211] subclaus 4.2.
The guard time can be flexibly configured from a minimum of approximately 
70 (s to a maximum of approximately 700 (s in case of TDD.

For more details on the frame structure including DL/UL switching and guard times in case of TDD operation., see [36.211] sub-clause 4
[end of text for TDD RIT]

Downlink control signalling is time multiplexed with data on a subframe basis with control signaling transmitted in the first up to three OFDM symbols of each subframe and data  transmitted in the remaining part of the subframe (up to 13 OFDM symbols)

Uplink control signalling is frequency-multiplexed with data for other UEs (no time separation) when the UE has no data to be transmitted..Uplink control signalling is typically transmitted at the edges of the overall system bandwidth. Uplink control signalling is piggy-backed with data i.e. transmitted with data on the PUSCH when the UE has data to be transmitted.
No specific power-control rate. At most one power-control command per subframe, implying 1 kHz maximum power-control rate.

For more details on the (uplink) power control, see [36.213] sub-clause 5.1.

	4.2.3.2.8
	Spectrum capabilities and duplex technologies

NOTE 1 – Parameters for both downlink and uplink should be described separately, if necessary.

	4.2.3.2.8.1
	Spectrum sharing and flexible spectrum use

Does the RIT/SRIT support flexible spectrum use and/or spectrum sharing for the bands for IMT? Provide details.
Flexible spectrum use is supported by using one or multiple component carriers. Multiple component carriers can be aggregated to achieve up to at least in the order of 100 MHz of transmission bandwidth. The aggregated component carriers can be either contiguous or non-contiguous in the frequency domain, including be located in separate spectrum (“spectrum aggregation”).

	4.2.3.2.8.2
	Channel bandwidth scalability

Describe how the proposal supports channel bandwidth scalability, including the supported bandwidths. 

Describe whether the proposed RIT supports extensions for scalable bandwidths wider than 40 MHz. 

Consider, for example:

–
The scalability of operating bandwidths. 

–
The scalability using single and/or multiple RF carriers.

Describe multiple contiguous (or non-contiguous) band aggregation capabilities, if any. Consider for example the aggregation of multiple channels to support higher user bit rates.
One component carrier supports a scalable bandwidth, 1.4, 3, 5, 10, 15 and 20 MHz. By aggregating multiple component carriers, transmission bandwidths up to at least 100 MHz are supported to provide the highest data rates. Component carriers can be either contiguous or non-contiguous in the frequency domain. The number of component carriers transmitted and/or received by a mobile terminal can vary over time depending on the instantaneous data rate.

	4.2.3.2.8.3
	What are the frequency bands supported by the RIT?  Please list.
The following frequency bands, with corresponding examples of operation bands, are currently specified or in the process of being specified, by 3GPP. Introduction of other ITU-R IMT identified bands into 3GPP specifications are not precluded in the future, such as 450-470MHz,  698-862MHz band etc. 3GPP technologies are also defined as appropriate to operate in other frequency arrangements and bands.
[note: for FDD RIT]

698-960 MHz:

Band

Uplink (UL) operating band
BS receive/UE transmit

Downlink (DL) operating band
BS transmit /UE receive

5

824 MHz

–
849 MHz
869 MHz
–
894MHz
6

830 MHz
–
840  MHz
875 MHz

–
885 MHz
8

880 MHz

–
915 MHz

925 MHz
–
960 MHz

12

698 MHz
–
716 MHz
728 MHz
–
746 MHz
13

777 MHz
–
787 MHz
746 MHz
–
756 MHz
14

788 MHz
–
798 MHz
758 MHz
–
768 MHz
17

704 MHz
–

716 MHz
734 MHz
–

746 MHz
1 710-2 025 MHz and 2 110-2 200 MHz:

Band

Uplink (UL) operating band
BS receive/UE transmit

Downlink (DL) operating band
BS transmit /UE receive

1
1920 MHz
–
1980 MHz

2110 MHz
–

2170 MHz
2

1850 MHz

–

1910  MHz

1930 MHz
–

1990 MHz

3

1710 MHz

–

1785 MHz

1805 MHz
–

1880 MHz

4

1710 MHz

–

1755 MHz

2110 MHz
–

2155 MHz

9

1749.9 MHz

–

1784.9 MHz

1844.9 MHz
–

1879.9 MHz

10

1710 MHz

–

1770 MHz

2110 MHz
–

2170 MHz

2 500-2 690 MHz:

Band

Uplink (UL) operating band
BS receive/UE transmit

Downlink (DL) operating band
BS transmit /UE receive

7

2500 MHz

–

2570 MHz

2620 MHz
–

2690 MHz

3 400-3 600 MHz:

Band

Uplink (UL) operating band
BS receive/UE transmit

Downlink (DL) operating band
BS transmit /UE receive

TBD

TBD

-

TBD

TBD

-

TBD

Additional  bands:
Non IMT-bandsBand

Uplink (UL) operating band
BS receive/UE transmit

Downlink (DL) operating band
BS transmit /UE receive

11

1427.9

-

1452.9

1475.9

-

1500.9

Band

Uplink (UL) operating band
BS receive/UE transmit

Downlink (DL) operating band
BS transmit /UE receive

18

815 MHz

–

830 MHz

860 MHz
–

875 MHz

19

830 MHz

–

845  MHz

875 MHz
–
890 MHz

TBD, EU800

TBD

TBD

TBD

TBD

[end of text for FDD RIT]

[note: for TDD]

1850-2 025 MHz:

Band

Uplink (UL) operating band
BS receive/UE transmit

Downlink (DL) operating band
BS transmit /UE receive

33

1900 MHz

-

1920 MHz
1900 MHz

-

1920 MHz
34

2010 MHz
-

2025 MHz
2010 MHz
-

2025 MHz
35

1850 MHz

-

1910 MHz

1850 MHz

-

1910 MHz

36

1930 MHz

-

1990 MHz

1930 MHz

-

1990 MHz

37

1910 MHz

-

1930 MHz

1910 MHz

-

1930 MHz

39
1880 MHz
-

1920 MHz
1880 MHz
-

1920 MHz
2 300-2 400 MHz:

Band

Uplink (UL) operating band
BS receive/UE transmit

Downlink (DL) operating band
BS transmit /UE receive

40
2300 MHz
–
2400 MHz
2300 MHz
–

2400 MHz
2 500-2 690 MHz:

Band

Uplink (UL) operating band
BS receive/UE transmit

Downlink (DL) operating band
BS transmit /UE receive

38
2570 MHz

–

2620 MHz

2570 MHz
–

2620 MHz

3 400-3 600 MHz:

Band

Uplink (UL) operating band
BS receive/UE transmit

Downlink (DL) operating band
BS transmit /UE receive

TBD

TBD

-

TBD

TBD

-

TBD



	4.2.3.2.8.4
	What is the minimum amount of spectrum required to deploy a contiguous network, including guardbands (MHz)? 
[note: for FDD] The minimum amount of spectrum is 2 x 1.4 MHz 
[note: for TDD]The minimum amount of spectrum is 1.4 MHz 

	4.2.3.2.8.5
	What are the minimum and maximum transmission bandwidth (MHz) measured at the 3 dB down points?
The 3 dB bandwidth is not part of the specifications, however:
· The minimum 99% channel bandwidth (occupied bandwidth of single component carrier) is 1.4 MHz. 
· The maximum 99% channel bandwidth (occupied bandwidth of single component carrier) is 20 MHz. 
· Multiple component carriers can be aggregated to achieve up to at least in the order of 100 MHz of transmission bandwidth.


	4.2.3.2.8.6
	What duplexing scheme(s) is (are) described in this template? 
(e.g. TDD, FDD or half-duplex FDD). 

Describe details such as:

· What is the minimum (up/down) frequency separation in case 
of full- and half-duplex FDD? 

· What is the requirement of transmit/receive isolation in case 
of full- an half-duplex FDD?  Does the RIT require a duplexer 
in either the mobile station (MS) or BS? 

· What is the minimum (up/down) time separation in case of TDD?

· Whether the DL/UL Ratio variable for TDD? What is the DL/UL ratio supported? If the DL/UL ratio for TDD is variable, what would be the coexistence criteria for adjacent cells?
The RIT technical parameters have been chosen to ensure operation in the IMT bands.
[note: for FDD RIT]
The RIT is based on FDD with support for both half-duplex and full-duplex FDD. For the base station, a duplexer is needed for half-duplex/full-duplex FDD. For the terminal, a duplexer is needed for full-duplex FDD only. 
For full-duplex FDD, the required transmit/receive isolation is a UE function of; the Tx emission mask (emission level on the Rx frequency) , the TX-Rx frequency spacing , the Tx- Rx duplex filter isolation, the TX and RX configuration (RB location, RB power and RB allocation) and the required Rx desense criteria. For the supported RIT operating bands, the following parameters are defined in [36.101]:
· the minimum (up/down) Tx to Rx frequency separation is 30 MHz
· the minimum Tx-Rx band gap is 10 MHz
For half-duplex FDD, for the UE there is no specified transmit / receive isolation due half duplex mode. 

TDD support is provided by the other RIT of the SRIT.
[end of text for FDD RIT]

 [note: for TDD RIT]

The RIT is based on TDD. For both the base station and the terminal , duplexer is not needed.

The TDD guard time is configurable in the range from one to ten OFDM symbols (approximately 70 to 700 µs) to meet different deployment scenarios.
Variable DL/UL ratio is supported, with the supported ratio ranging from 9/1 (nine downlink subframes and one uplink subframe) to 4/6 (four downlink subframes and six uplink subframes*). Adjacent cells using the same carrier frequency typically use the same DL/UL configuration.
* This is based on an assumption that the “special subframe (see [36.211] sub-clause 4.2) is counted as a DL subframe.
FDD support is provided by the other RIT of the SRIT
[end of text for TDD RIT]



	4.2.3.2.9
	Support of advanced antenna capabilities

	4.2.3.2.9.1
	Fully describe the multi-antenna systems supported in the MS, BS, or both that can be used and/or must be used; characterize their impacts on systems performance; e.g., does the RIT have the capability for the use of:

· spatial multiplexing techniques,

· space-time coding (STC) techniques,

· beam-forming techniques (e.g., adaptive or switched). 
Downlink

· Transmit diversity based on SFBC (Space Frequency Block Coding)  in the case of two transmit antennas and combined SFBC and FSTD (Frequency Switched Transmit Diversity) for the case of more than two antennas [36.211]. Maximum number of antenna ports: At least 4

· Closed-loop spatial multiplexing with up to 8 layers and open-loop spatial multiplexing with up to at least 4 layers. 

· Single and multi-layer non-codebook based adaptive beam-forming
· Multi-user MIMO (so called SDMA)
For more details on multi-antenna transmission, see [36.211] sub-clauses 6.3.3/6.3.4

Uplink

· Closed-loop spatial multiplexing with up to 4 layers
· Closed-loop and UE autonomous antenna selection diversity  antenna selection diversity
· Multi-user MIMO (so called SDMA)

For more details on multi-antenna transmission

	4.2.3.2.9.2
	How many antennas are supported by the BS and MS for transmission and reception? Specify if correlated or uncorrelated antennas in copolar or cross-polar configurations are used.  What is the antenna spacing (in wavelengths)? 
Up to 8 cell-specific antenna ports (transmit antennas) are supported in the downlink.

Up to 4 antenna ports (transmit antennas) are supported in the uplink. 

Number of receive antennas are receiver-implementation specific. At least two receive antennas are assumed on the terminal side. 

The antenna configuration (correlatedd/uncorrelated antennas, co-polar/cross-polar configuration, etc.) is implementation specific. Regarding what has been used in the self-evaluation, see Item 4.2.3.2.9.3 below

	4.2.3.2.9.3
	Provide details on the antenna configuration that is used in the self-evaluation.
a) Uncorrelated co-polarized:
Co-polarized antennas separated 4 wavelengths
(illustration for 4 Tx: |         |          |          |)


b) Grouped co-polarized:
Two groups of co-polarized antennas. 10 wavelengths between center of each group. 0.5 wavelength separation within each group
(illustration  for 4 Tx: ||          || )

c) Correlated: co-polarized:
0.5 wavelengths between antennas
(illustration for 4 Tx: |||| )

d) Uncorrelated cross-polarized:
Columns with +-45deg  linearly polarized antennas
Columns separated 4 wavelengths
(illustration for 4 Tx: X    X)

e) Correlated cross-polarized
Columns with +-45deg  linearly polarized antennas
Columns separated 0.5  wavelengths
(illustration for 8Tx: XXXX)

In the self-evaluation, models of above are used as baseline confiburations.

	4.2.3.2.9.4
	If spatial multiplexing (MIMO) is supported, does the proposal support (provide details if supported)

–
Single codeword (SCW) and/or multi-codeword (MCW)

–
Open and/or closed loop MIMO

–
Cooperative MIMO

· Single-user  MIMO and/or multi-user MIMO.
Multi-codeword (up to two codewords per component carrier) is supported.

Both open and closed loop MIMO with precoding are supported in the RIT.
The RIT supports coordinated multipoint transmsision/reception, see 4.2.3.2.20.1, which could be used to implement differerent forms of cooperative multi-antenna (MIMO) transmission schemes.

Both single-user MIMO and multi-user MIMO are supported

	4.2.3.2.9.5
	Other antenna technologies 

Does the RIT/SRIT support other antenna technologies, for example:

–
remote antennas,

–
distributed antennas.  

If so, please describe.
The use of remote antennas and distributed antennas is supported. However, the details are network-implementation specific. 


	4.2.3.2.9.6
	Provide the antenna tilt angle used in the self-evaluation.
Indoor hotspot: N/A
Uurban micro: 12 deg.
Uurban macro: 12 deg.
Rural macro: 6  deg.
In the self-evaluation, the above values are used.

	4.2.3.2.10
	Link adaptation and power control

	4.2.3.2.10.1
	Describe link adaptation techniques employed by RIT/SRIT, including:

–
the supported modulation and coding schemes,

–
the supporting channel quality measurements, the reporting of these measurements, their frequency and granularity.

Provide details of any adaptive modulation and coding schemes, including:
· Hybrid ARQ or other retransmission mechanisms? 

· Algorithms for adaptive modulation and coding, which are used in the self-evaluation. 

· Other schemes?
For data, the RIT supports the modulation schemes QPSK, 16 QAM and 64 QAM, and code rates between approximately 0.1 and 0.9. Some 27 different modulation-scheme/code-rate combinations exist. This is valid for both downlink and uplink. 

In both downlink and uplink, link adaptation (selection of modulation scheme and code rate) is controlled by the base station. In the downlink the network selection of modulation-scheme/code-rate combination can e.g. be based on Channel Quality Indicators (CQIs) reported by the terminals. Several different CQI modes exist, including frequency-selective and wideband modes, periodic and aperiodic modes. The CQI mode is controlled by the base station. In the uplink the base station may measure either the traffic channel or sounding reference signals and use this as input to link adaptation. More details are found in [36.213].

On the MAC layer, hybrid ARQ with soft-combining between transmissions is supported. Different redundancy versions are used for different transmissions. The modulation scheme may be changed for retransmissions. In order to minimize delay and feedback, a set of parallel stop-and-wait protocols are used. To correct possible residual errors, the MAC ARQ is complemented by a robust selective-repeat ARQ protocol on the RLC layer. More details are found in [36.321] and [36.322].

In the self-evaluation, models of the above schemes are used.

	4.2.3.2.10.2
	Provide details of any power control scheme included in the proposal, for example:

· Power control step size (dB)

· Power control cycles per second

· Power control dynamic range (dB)

· Minimum transmit power level with power control

· Associated signalling and control messages.
The RIT uplink power control is based on both signal-strength measurements done by the terminal itself (open-loop power control), as well as measurements by the base station. The later measurements are used to generate power-control commands that are subsequently fed back to the terminals as part of the downlink control signaling (closed-loop power control). Both absolute and relative power-control commands are supported.  The available relative power adjustments (“step size”) in case of relative power control are [-1 dB, 0 dB, +1 dB, +3 dB].. The time between power-control commands can be down to 1ms. The minimum transmit power, – 40dBm, yielding a dynamic range of -40 to 23=63dB for a terminal with maximum power 23dBm. More details about uplink power control are found in [36.213].

Downlink power control is network-implementation specific and thus outside the scope of the specification. A simple and efficient power control strategy is to transmit with a constant output power. Variations in channel conditions and interference levels are adapted to by means of scheduling and link adaptation rather than with power control

	4.2.3.2.11
	Power classes

	4.2.3.2.11.1 
	Mobile station emitted power

	4.2.3.2.11.1.1
	What is the radiated antenna power measured at the antenna (dBm)?
Normative output power less than or equal to 23 dBm measured at antenna connector with 0 dBi antenna gain with omni-direction for horizontal plain.

	4.2.3.2.11.1.2 
	What is the maximum peak power transmitted while in active or busy state?
See 4.2.3.2.11.1.1.

	4.2.3.2.11.1.3
	What is the time averaged power transmitted while in active or busy state? Provide a detailed explanation used to calculate this time average power.
Three scenarios are considered in [TR36.942] for different power control parameters 
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The figure below shows the UE transmit power distribution for different scenarios for Power Control set 2 
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	4.2.3.2.11.2
	Base station emitted power


	4.2.3.2.11.2.1
	What is the base station transmit power per RF carrier?
The base station transmit power of one component carrier is the mean power delivered to a load with resistance equal to the nominal load impedance of the transmitter.
The base station maximum transmit power of one component carrier is the mean power level measured at the baste station antenna connector in a specified reference condition.
The transmit power of multiple component carriers can be aggregated.
Base Stations intended for general-purpose applications do not have limits on the maximum transmit power. However, there may exist regional regulatory requirements which limit the maximum transmit power.  

	4.2.3.2.11.2.2 
	What is the maximum peak transmitted power per RF carrier radiated from antenna? 

See 4.2.3.2.11.2.1. (The antenna gain is subject to the deployment situations.)
There may exist regional regulatory requirements which limit the maximum radiated transmit power.  



	4.2.3.2.11.2.3
	What is the average transmitted power per RF carrier radiated from antenna? 

The average transmitted carrier power is subject to the traffic, capacity and deployment scenario.
[note: for FDD RIT] Activation ratio is100 % 
[note; for TDD RIT]Activation ratio is 24 to 88 %. 

	
	

	
	

	
	

	4.2.3.2.12
	Scheduler, QoS support and management, data services

	4.2.3.2.12.1
	QoS support

· What QoS classes are supported?

· How QoS classes associated with each service flow can be negotiated.

· QoS attributes, for example:

•
data rate (ranging from the lowest supported data rate to maximum data rate supported by the MAC/PHY);

•
control plane and user plane latency (delivery delay);

•
packet error rate (after all corrections provided by the MAC/PHY layers), and delay variation (jitter).

· Is QoS supported when handing off between radio access networks? Please describe.

· How users may utilize several applications with differing QoS requirements at the same time.
In the RIT up to 8 data bearers can be established in parallel for a UE. Each bearer is associated with a QoS class index (QCI), and an Allocation/ Retention Priority (ARP) , and optionally with guaranteed bitrate (GBR) and maximum bit rate (MBR). The QCI is an index representing the priority, allowable delay, and packet error rate of a bearer, and up to 256 QCIs could be defined by the operator (9 of which is standardised). The QCI, MBR, GBR and ARP are signalled from the CN to the RAN when the bearer is established or modified, so that the scheduler in the RAN could ensure the QoS for each bearer. The ARP as well as other QoS parameters could be used to determine which bearers to prioritise at handover. By using multiple bearers having different QoS profile, multiple application flows with different QoS requirements could be accommodated.

	4.2.3.2.12.2
	Scheduling mechanisms

· Exemplify scheduling algorithm(s) that may be used for full buffer and VoIP traffic in the technology proposal for evaluation purposes.

Describe any measurements and/or reporting required for scheduling.
In the RIT dynamic scheduling on a 1 ms basis is applied to both uplink and downlink. Typically, the RIT scheduling is based on the instantaneous radio-link quality as seen by the different users, and the traffic demand and quality-of-service requirements of individual users and in the cell as a whole. The former is based on CQI reports from the terminals (downlink) or measurements of sounding signals from the terminals (uplink). Based on this the base station may e.g. apply a proportional fair scheduling algorithm. The QoS assessment is supported by means of receiving QoS information from the “higher layers”.  
For VoIP traffic (or any traffic having similar characteristics) semi-persistent scheduling can be applied, by which a user can be allocated time-frequency resources in a semi-persistent manner, i.e., fixed resources are allocated at certain intervals without L1/L2 control signaling each time. This is especially useful to reduce the L1/L2 control signaling  overhead and to increase VoIP capacity.

Moreover, the RIT supports TTI bundling, by which time-frequency resources can be allocated consecutively to a user for a longer period than 1 ms by a single L1/L2 control signaling. A larger transport block size or a lower coding rate can be supported by this technique. This is especially useful when the coverage needs to be extended.

Intercell-interference coordination mechanisms may also be realized by the scheduler. To aid inter-cell coordination, the RIT defines two indicators exchanged between base stations: The High-interference Indicator (HI) provides information to neighboring cells about the part of the cell bandwidth upon which the cell intends to schedule its cell-edge users. The Overload Indicator (OI) provides information on the uplink interference level experienced in each part of the cell bandwidth.

For the downlink, intercell-interference coordination can be realized using a Relative Narrowband TX Power (RNTP) indicator.

See [36.423] for details.

	4.2.3.2.13
	Radio interface architecture and protocol stack

	4.2.3.2.13.1
	Describe details of the radio interface architecture and protocol stack such as,

Logical channels
· Control channels

· Traffic channels

Transport channels and/or physical channels.


The C-plane consists of the NAS, RRC, PDCP, RLC, MAC and PHY layers.

-  NAS: Protocol between the UE and CN, and performs e.g., authentication, context activation/ deactivation and location registration management.

-  RRC: Protocol between the UE and RAN, and performs e.g., system information delivery, connection establishment/ release and mobility control.

-  PDCP: Performs header compression, integrity protection and ciphering.

-  RLC: Performs segmentation/ concatenation of packets and ARQ.

-  MAC: Performs HARQ and scheduling.

The U-plane consists of the PDCP, RLC, MAC and PHY layers. The functions of PDCP, RLC and MAC are the same as for C-plane.

For details of logical channels and their mapping to transport and physical channels, see [36.300].

	4.2.3.2.13.2
	What is the bit rate required for transmitting feedback information?
Assuming that an RLC AM Status report is sent once every 50 ms and that comprises on average less than one negative acknowledgement, its size including RLC/MAC header overhead is then on average 3+1=4 octets. Consequently, the overhead this causes is 32/0.05= 640 bit/s. This corresponds to 0.06, 0.006 and 0.0006% overhead  for link speeds of 1, 10 and 100 Mbit/s.

	4.2.3.2.13.3
	Channel access:

Describe in details how  RIT/SRIT accomplishes initial channel access, (e.g. contention or non-contention based).
The UE gains access to a cell by use of contention-based random access procedure. With this procedure the UE transmits a random access preamble by choosing one from a maximum of 64 possible candidates on a PRACH.. If the base station detects a random access preamble, the base station sends a response allocating a temporary UE identity and radio resources for the uplink transmission of the initial RRC message. The UE further transmits the initial RRC message to the base station, using the allocated resources. If the base station successfully receives this initial RRC message, the base station echoes the message back to the UE in order to resolve possible contention. The UE could perform multiple attempts until it is successful in accessing the cell or until a timer supervising the procedure has elapsed. Multiple PRACHs can be configured, in order to reduce the probability of contention and to increase the PRACH capacity.

For UEs who have gained access to a cell (i.e. has RRC connection), non-contention based channel access request is supported by means of:

(1) Scheduling Request (SR) on Physical Uplink Control CHannel (PUCCH), in which a dedicated resource on PUCCH for SR is semi-statically assigned by the base station to a UE, and

(2) Dedicated random access resource assignment, in which a dedicated random access preamble on specific PRACH(s) is dynamically assigned by the base station to a UE

	4.2.3.2.14
	Cell selection

	4.2.3.2.14.1
	Describe in detail how the RIT/SRIT accomplishes cell selection to determine the serving cell for the users.
The UE performs cell search with aid of synchronisation channels (SCHs) on the downlink. If a cell is detected, the UE checks the suitability of the cell, i.e., the UE checks that the received reference-signal power is above the minimum required value and checks the PLMN identity, as well as other parameters restricting camping on the cell (e.g., cell barring status), on system information. If multiple cells are found as suitable, the UE selects the best cell in terms of the received reference-signal power to ensure efficient spectrum usage.

For inter-frequency and inter-RAT cell reselection, absolute priorities could be configured so that certain frequency/ RAT would be prioritized for camping. The priorities could be signaled by system information broadcast or by dedicated signaling.

	4.2.3.2.15
	Location determination mechanisms

	4.2.3.2.15.1
	Describe any  location determination mechanisms that may be used, e.g., to support location based services. 
In previous LTE releases, U-plane based solution, i.e., SUPL, and cell level granularity location reporting are supported. In previous LTE releases, C-plane based techniques, e.g., RTT, OTDOA, will be supported in addition. The RIT will be based on the same techniques or other enhanced approaches.

	4.2.3.2.16
	Priority access mechanisms

	4.2.3.2.16.1
	Describe techniques employed to support prioritization of access to radio or  network resources for specific services or specific users (e.g., to allow access by emergency services).
Access classes are used to differentiate admittance in accessing a cell. Each UE (USIM) is associated to an access class defined for normal use, and in addition, may belong to an access class in the special categories, e.g., PLMN staff, social security services, government officials.

The traffic load can be controlled by use of access barring mechanism. For normal use, an access barring rate (percentage) and the barring time could be broadcast in case of congestion. For the special categories, 1-bit barring status could be broadcast for each access class. These barring parameters could be configured independently for mobile originating data and mobile originating signaling attempts. For mobile terminating calls, no access barring is applicable since the network could discard certain amount of paging in case of congestion.

For emergency calls, a separate 1-bit barring status is indicated, which is the only parameter used to supervise these calls.

For further details see [36.331] sub-clause 5.3.3.2.

	
	

	
	

	
	

	
	

	
	

	4.2.3.2.17
	Unicast, multicast and broadcast

	4.2.3.2.17.1
	Describe how the RIT enables:

· broadcast capabilities,

· multicast capabilities,

· unicast capabilities,

using both dedicated carriers and/or shared carriers.  Please describe how all three capabilities can exist simultaneously.
The RIT is envisioned to support broadcast, multicast and unicast services. The spectrum efficiency for broadcast/ multicast services would be at least as high as UMTS. MBSFN (MBMS single frequency network) could be applied when the broadcast/ multicast service spans multiple contiguous cells, improving the spectrum efficiency.
The RIT is envisioned to support mixed carrier use among broadcast/ multicast and unicast services. On a mixed carrier, MBSFN and unicast share the same spectrum in a TDM manner, whereas TDM and/or FDM sharing is possible for single cell broadcast/ multicast transmission.

The basic network architecture to support broadcast/multicast transmission is specified in the RIT. (see [36.300]).
The network architecture for broadcast, multicast is realised by adding the following functions to the unicast network architecture:

- a logical entity to coordinate allocation of radio resources to be used by all the base stations in MBSFN areas for multi-cell MBSFN transmission

- a network interface with IP-Multicast support for U-plane data transport

	4.2.3.2.17.2
	Describe whether the proposal is capable of providing multiple user services simultaneously to any user with appropriate channel capacity assignments?
Multiple services per user can be supported by setting up multiple bearers per user. Each radio bearer is characterized by an individual QoS profile, including the attributes guaranteed bitrate, maximum bitrate, and allocation and retention priority as described in detail in 4.2.3.2.12.1. For details see further [23.203].  Multiple services per user can also be supported by mapping multiple services to a single bearer in the NAS layer, if the QoS is the same for these services.

	4.2.3.2.17.3
	Provide details of the codec used for VoIP capacity in the self evaluation.

Does the RIT support multiple voice and/or video codecs?  Provide details.
The RIT supports the AMR voice codec and could support various other voice and video codec as desired. The radio interface technology is agnostic of the codec used and is capable of accommodating diverse range of codec that are commonly used today as well as those defined in future.

	4.2.3.2.17.4
	If a codec is used that differs from the one specified in Annex 2 of  Report ITU‑R M.2135, specify the voice quality (e.g., PSQM, PESQ, CCR, E-Model, MOS) for the corresponding VoIP capacity in the self-evaluation.
Annex 2 of  Report ITU-R M.2134 is used

	4.2.3.2.18
	Privacy, authorization, encryption, authentication and legal intercept schemes 

	4.2.3.2.18.1
	Any privacy, authorization, encryption, authentication and legal intercept schemes that are enabled in the radio interface technology should be described. Describe whether any synchronisation is needed for privacy and encryptions mechanisms used in the RIT.

Describe how the RIT may be protected against attacks, for example: 

−       man in the middle, 

−       replay,

−      denial of service.
Security and privacy in the RIT will be provided at a level at least as high as that of previous LTE releases. This will be assured by reusing mechanisms of LTE (see [33.401]) which in turn consists of enhancements to the mature and well-proven security design for UMTS (see [33.102]).   

A thorough analysis of the security requirements and different solution alternatives for the LTE architecture has been done (see [33.821]), assuring that attacks based on interception, modification, replay, impersonation/man-in-the-middle, denial-of-service, etc, are properly countered. The security solution will thus provide (among other things): strong mutual subscriber/network authentication, user identity protection, strong encryption of user traffic, and strong encryption and integrity protection of signaling.  Protection is applied over the air interface as well as to the internal backhaul/RAN-CN interfaces. Particular care has been taken to mitigate threats related to radio base station security, e.g. protecting the network against hostile “capture” of base stations.

Lawful intercept is provided via CN nodes. 

	4.2.3.2.19
	Frequency planning

	4.2.3.2.19.1
	How does the RIT support adding new cells or new RF carriers? Provide details.
504 physical cell identities are supported. Thus, theoretically 504-cell reuse is realized.

Actual cell deployment is operation specific.
Self configuration is also supported

	4.2.3.2.20
	Interference mitigation within radio interface

	4.2.3.2.20.1
	Does the proposal support Interference mitigation? If so, describe the corresponding mechanism.
Static inter-cell interference mitigation is supported by means of e.g. frequency reuse, soft frequency reuse, and reuse partitioning. 
 Inter-cell interference mitigation is supported by means of exchanging interference measurements and scheduling decisions between base stations, see also 4.2.3.2.20.2 below.

Coordinated multipoint transmission/reception (CoMP) is another approach supported by the RIT to mitigate interference between cells and improve system performance.

Coordinated multipoint transmission implies dynamic coordination in the scheduling/transmission and/or joint transmission between/from multiple cell sites. 

Coordinated multipoint reception implies dynamic coordination in the scheduling and/or joint reception between/at difference cell sites.

The coordinated cell sites could either correspond to cells of the same eNB (intra-eNB coordination) or different eNB (inter-eNB coordination).

	4.2.3.2.20.2
	What is the signalling, if any, which can be used for intercell interference mitigation?
To aid inter-cell interference mitigation, the RIT defines three indicators exchanged between base stations: The High-interference Indicator (HI) which provides information to neighboring cells about the part of the cell bandwidth upon which the cell intends to schedule its cell-edge user, the Overload Indicator (OI)  which provides information on the uplink interference level experienced in each part of the cell bandwidth and Relative Narrowband TX Power (RNTP) indicator, which provides information on the downlink transmission power.

	4.2.3.2.20.3
	Link level interference mitigation

Describe the feature or features used to mitigate intersymbol interference.
See answer to 4.2.3.2.20.4

	4.2.3.2.20.4
	Describe the approach taken to cope with multipath propagation effects (e.g. via equalizer, rake receiver, cyclic prefix, etc.).  
On the downlink, the use of OFDM transmission, in combination with a cyclic prefix, provides inherent robustness to time-dispersion/frequency-selectivity on the radio channel.

On the uplink, time-dispersion/frequency-selectivity on the radio channel can be handled by receiver-side equalization. The detailed equalization approach is implementation dependent. Examples of equalization approaches include frequency-domain linear equalization and Turbo equalization. The use of cyclic prefix also for the uplink may simplify the equalizer implementation.

	4.2.3.2.20.5
	Diversity techniques

Describe the diversity techniques supported in the MS and at the BS, including micro diversity and macro diversity, characterizing the type of diversity used, for example:

–
Time diversity:
repetition, Rake-receiver, etc.

–
Space diversity:
multiple sectors, , etc.

–
Frequency diversity:
frequency hopping (FH), wideband transmission, etc.

–
Code diversity:
multiple PN codes, multiple FH code, etc.

–
Multi-user diversity:
proportional fairness (PF), etc.

–
Other schemes.

Characterize the diversity combining algorithm, for example, switched diversity, maximal ratio combining, equal gain combining. 

Provide information on the receiver/transmitter RF configurations, for example:

· number of RF receivers

· number of RF transmitters.
The RIT provides the following means for diversity: 

· Space diversity by means of multiple transmit and receiver antennas 

· Number of TX antennas: At least up to 4 (DL), up to 4 (UL)
· Number of RX antennas: Implementation specific 
· Frequency diversity by means of wide overall transmission bandwidth. Possibility for uplink frequency hopping on a slot basis and downlink frequency-distributed transmission

· Time diversity by means of fast retransmissions
· Multi-user diversity by means of channel-aware scheduling


	4.2.3.2.21
	Synchronization requirements

	4.2.3.2.21.1
	Describe RIT’s timing requirements, e.g.

· Is BS-to-BS synchronization required? Provide precise information, the type of synchronization, i.e., synchronization of carrier frequency, bit clock, spreading code or frame, and their accuracy.

· Is BS-to-network synchronization required?

State short-term frequency and timing accuracy of BS transmit signal.
[note: for FDD RIT]

Tight BS-to-BS synchronization is not required. However, in some scenarios, system performance may gain from tight BS-to-BS synchronization. 
[end of text  for FDD RIT]

[note: for TDD RIT]

Tight BS-to-BS synchronization is typically required to avoid BS-to-BS and UE-to-UE interference and minimize required guard times. Furthermore, in some scenarios, the tight BS-to-BS sync may be utilized to gain system performance. 

[end of text for TDD] 

As an example, assuming coordinated transmission/reception based on joint processing (joint transmission in the downlink direction, joint reception in the uplink direction) between multiple eNBs, tight synchronization and time alignment between the eNBs involved in the joint processing would be required. For proper operation. the synchronization should be well within the cyclic prefix (Tcp (5(s for normal cyclic prefix, (Tcp (17(s for extended cyclic prefix)
BS-to-network synchronization is not required.

Frequency and timing accuracy of BS transmit signal is within ±0.05 ppm observed over a period of one subframe (1 ms). 

	4.2.3.2.21.2
	Describe the synchronization mechanisms used in the proposal, including synchronization between a user terminal and a site. 
The RIT may support different kind of methods and techniques to satisfy the synchronisation requirements, as it is done in previous LTE releases. In LTE a logical port at the base station is defined to support the reception of timing and/or frequency and/or phase inputs according to the synchronisation method chosen.

	4.2.3.2.22
	Link budget template

Proponents should complete the link budget template in § 4.2.3.3 to this description template for the environments supported in the RIT.
Link budget template is completed for all the test environments

	4.2.3.2.23
	Other items 

	4.2.3.2.23.1
	Coverage extension schemes

Describe the capability to support/ coverage extension schemes, such as relays or repeaters.
Relaying functionality is supported.
The RIT supports the use of different types of repeater (amplify-and-forward) functionality. However, the details of such functionality is outside the scope of the specification as the use of repeaters is transparent to both the UE and the network.

The RIT support so-called type-1 relaying functionality. A type-1 relay creates new cells and is thus, from a UE point-of-view, indistinguishable from an eNB. The type-1 relay connects wirelessly to the radio-access network via a donor-eNB. The donor-eNB / RN link may operate in the same spectrum as the RN / UE link (inband relaying). For the RN / UE link all protocol layers (MAC/RLC/PDCP, as well as RRC) are terminated at the RN.

	4.2.3.2.23.2
	Self-organisation 

Describe any self-organizing aspects that are enabled by the RIT/SRIT.
Support for Self Organizing Networks is an integrated part of LTE. Several use cases that could benefit from SON have been introduced in the first release and the work is continuing. 
LTE currently supports the following Self-Organizing Network (SON) functions: (Details are provided in [36.300], [36.413], [36.423], [36.314])
- Dynamic configuration of S1 and X2; the mechanism allows an eNB to establish an S1 interface  towards the MME and/or an X2 interface towards another eNB.

–
PCI selection; the mechanism allows an eNB to select its Physical Cell Identity (PCI). The selection can be based either on a centralized or distributed PCI assignment algorithm [36.300, Sec 22.3.5] 
–
Automatic neighbor discovery: the mechanism allows an eNB to learn information on its neighbors. The discovery mechanism can utilize the assistance of the UE (aka ANR funtion [36.300, Sec. 22.3.3, 22.3.3]) as well as the exchange of information over the network interfaces ([36.423; Sec 8.3.3, 8.3.5] [36.413; Sec 8.13, 8.14]).



	4.2.3.2.23.3
	Describe the frequency reuse schemes (including reuse factor and pattern) for the assessment of cell spectrum efficiency, cell edge user spectral efficiency and VoIP capacity.
Uncoordinated frequency reuse one is used in the performance evaluations

	4.2.3.2.23.4
	Is the RIT an evolution of an existing IMT-2000 technology?  Provide details.
The submitted RIT/SRIT fulfilling the IMT-Advanced requirements will be part of a 3GPP release of LTE. This will be an evolution and enhancement of previous LTE releases that are already part of the IMT-2000 technologies, CDMA Direct Spread and CDMA TDD, see ITU-R Recommendation M.1457

	4.2.3.2.23.5
	Does the proposal satisfy a specific spectrum mask? Provide details. (This information is not intended to be used for sharing studies.)
YES

UE: 
For single-component-carrier transmission the spectrum mask is specified in terms of a normative (general) spectrum emission mask [36.101, section 6.6.2.1] and an additional spectrum mask [36.101, section 6.6.2.2]. This additional spectrum emission mask which is signaled by the network to the UE as a normative requirement can be used to address; a specific regional regulatory requirement, a frequency band specific requirement, a roaming requirement and a specific deployment  scenario. 

 This additional spectrum emission mask can be used to support the many different sharing requirements in terms of co-existence for a global roaming terminal

For transmission of aggregated component-carriers appropriate spectrum mask are expected to be set.

BS: 

For single-component-carrier transmission spectrum mask requirements are defined in 
[36.104], section 6.6.3. in form of operating band unwanted emission limits. These Operating band unwanted emission limits are defined from 10 MHz below the lowest frequency of the downlink operating band up to 10 MHz above the highest frequency of the downlink operating band. The unwanted emission limits in the part of the downlink operating band that falls in the spurious domain are consistent with ITU-R Recommendation SM.329.

For transmission of aggregated component-carriers appropriate spectrum mask are expected to be set.


	4.2.3.2.23.6
	Describe any MS power saving mechanisms used in the RIT. 
DRX is supported during connected mode and idle mode [36.321],[36.304]


	4.2.3.2.23.7
	Simulation process issues

Describe the methodology used in the analytical approach.

Proponent should provide information on the width of confidence intervals of user and system performance metrics of corresponding mean values, and evaluation groups are encouraged to provide this information as requested in § 7.1 of Report ITU-R M.2135.
In indoor hotspot scenario, simulations are iterated M (e.g. M=50) independent ‘drops’, and statistics are collected over N x 20 user positions, e.g. 1000 for M=50.

In the other scenarios, simulations are iterated over N (e.g. N=10) independent ‘drops’, and statistics are collected over N x 570  user positions, e.g. 5700 for N=10
In the self-evaluation, the confidence intervals shown above are used.

	4.2.3.2.24
	Other information

Please provide any additional information that the proponent believes may be useful to the evaluation process.
Information to be provided together with self-evaluation in the final submission in October
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