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1
Introduction
In order to complete 36.912 for the ITU-R submission, this document proposes minor updates to 36.912:

-
in a similar fashion as done by RAN1, it is now highlighted that LTE-A fulfils the ITU-R requirement.

-
agreements on RLC made at RAN2#67 are now captured.
The basis for the text proposal is R2-095316.
Beginning of Text Proposal

 5.2.3
RLC

The RLC protocol of LTE Rel-8 also applies to carrier aggregation and allows LTE-A to handle data rate up to 1Gbps. Further enhancements (e.g. increased RLC SN) size can be considered).

Next Modified Section

 16.2
C-plane latency
16.2.1
Idle to Connected

The different steps involved in the transition from Idle to Connected mode in LTE-Advanced are depicted on Figure 16.2.1-1 below:
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Figure 16.2.1-1: From Idle to Connected mode

Taking LTE Release 8 as a baseline (see Annex B) and including the improvements described in subclause 10.1, the transition time from Idle to Connected mode can be reduced to 50ms as summarized in Table 16.2.1-1 below. Note that since the NAS setup portion is executed in parallel to the RRC one thanks to the combined request, it does not appear in the total (assuming that that the total delay of steps 11-14 is shorter than or equal to the total delay of steps 7-10…). Thus it can be concluded that LTE-A fulfills the ITU requirements on C-plane latency for Idle to Connected transition.
Table 16.2.1-1: Transition time from Idle to Connected mode

	Component
	Description
	Time (ms)

	1
	Average delay due to RACH scheduling period (1ms RACH cycle)
	0.5

	2
	RACH Preamble
	1

	3-4
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment)
	3

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	5

	6
	Transmission of RRC and NAS Request
	1

	7
	Processing delay in eNB (L2 and RRC)
	4

	8
	Transmission of RRC Connection Set-up (and UL grant)
	1

	9
	Processing delay in the UE (L2 and RRC)
	12

	10
	Transmission of RRC Connection Set-up complete
	1

	11
	Processing delay in eNB (Uu → S1-C)
	

	12
	S1-C Transfer delay
	

	13
	MME Processing Delay (including UE context retrieval of 10ms)
	

	14
	S1-C Transfer delay
	

	15
	Processing delay in eNB (S1-C → Uu)
	4

	16
	Transmission of RRC Security Mode Command and Connection Reconfiguration (+TTI alignment)
	1,5

	17
	Processing delay in UE (L2 and RRC)
	16

	
	Total delay
	50


16.2.2
Dormant to Active

As an example, the different steps involved in the transition from a Dormant to an Active state when the UE is already synchronised are depicted on Figure 16.2.2-1 below:
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Figure 16.2.2-1: Dormant to Active transition for synchronised UE

Taking LTE Release 8 as a baseline (see Annex B) and includuding the PUCCH periodicity improvement described in subclause 10.2, the transition time from a Dormant to an Active state when the UE is already synchronised can be reduced to 9.5 ms as summarized in Table 16.2.2-1 below. Thus it can be concluded that LTE-A fulfills the ITU requirements on C-plane latency for Dormant to Active transition.
Table 16.2.2-1: Dormant to Active transition for synchronized UE

	Component
	Description
	Time [ms]

	1
	Average delay to next SR opportunity (1ms PUCCH cycle)
	0.5

	2
	UE sends Scheduling Request
	1

	3
	eNB decodes Scheduling Request and generates the Scheduling Grant
	3

	4
	Transmission of Scheduling Grant
	1

	5
	UE Processing Delay (decoding of scheduling grant + L1 encoding of UL data)
	3

	6
	Transmission of UL data
	1

	
	Total delay
	9.5


Next Modified Section
16.3
U-Plane latency
As highlighted in subclause 10.2, LTE Rel-8 already benefits from a U-Plane latency below 10ms (see Annex B) for synchronised UEs. In situations where the UE does not have a valid scheduling assignment, or when the UE needs to synchronize and obtain a scheduling assignment, a reduced RACH scheduling period, shorter PUCCH cycle and reduced processing delays as described in subclause 10.1 could be used. Thus it can be concluded that LTE-A fulfills the ITU requirements on U-plane latency.
Next Modified Section

 16.5
Handover Performance

The generic handover procedure of LTE-Advanced is similar to LTE Rel-8 one and is shown in Figure 16.5-1 below:
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Figure 16.5-1: U-Plane interruption in LTE-Advanced

Once the HO command has been processed by the UE, it leaves the source cell and stops receiving data. This is the point in time where data interruption starts. The first step after that is the radio synchronisation, which consists of:

1)
Frequency synchronization: typically the time taken for frequency synchronisation depends on whether the target cell is operating on the same carrier frequency as the currently served frequency or not. But since the UE has already identified and measured the target cell, this delay is negligible

2)
DL synchronization: although baseband and RF alignments always take some time, since the UE has already acquired DL synchronisation to the target cell in conjunction with previous measurement and can relate the target cell DL timing to the source cell DL timing with an offset, the corresponding delay is less than 1 ms.

Because forwarding is initiated before the UE moves and establishes connection to the target cell and because the backhaul is faster than the radio interface, forwarded data is already awaiting transmission in the target when the UE is ready to receive. This component therefore does not affect the overall delay.

In total, the interruption time is 10.5ms as summarized in Table 16.5-1 below. Note that this delay does not depend on the frequency of the target as long as the cell has already been measured by the UE, which is a typical scenario.

Table 16.5-1: U-Plane interruption in LTE-Advanced
	Component
	Description
	Time [ms]

	1
	Radio Synchronisation to the target cell
	1

	2
	Average delay due to RACH scheduling period (1ms periodicity)
	0.5

	3
	RACH Preamble
	1

	4-5
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment)
	5

	6
	Decoding of scheduling grant and timing alignment
	2

	7
	Transmission of DL Datta
	1

	
	Total delay
	10.5


16.5.1
Intra-frequency hand-over interruption time
As explained in subclause 16.5 above, the interruption is 10.5ms regardless of the frequency of the target cell. Thus it can be concluded that LTE-A fulfills the ITU requirements on intra-frequency hand-over interruption time.
16.5.2
Inter-frequency handover interruption time within a spectrum band
As explained in subclause 16.5 above, the interruption is 10.5ms regardless of the frequency of the target cell. Thus it can be concluded that LTE-A fulfills the ITU requirements on inter-frequency handover interruption time within a spectrum band.
16.5.3
Inter-frequency handover interruption time between spectrum bands
As explained in subclause 16.5 above, the interruption is 10.5ms regardless of the frequency of the target cell. Thus it can be concluded that LTE-A fulfills the ITU requirements on inter-frequency handover interruption time between spectrum bands.
Next Modified Section

16.7
Services
The Quality of Service (QoS) framework of LTE-Advanced builds upon the one developed for LTE and therefore allows the support of a wide range of services. In LTE-Advanced, a bearer is the level of granularity for QoS control. Each bearer can be associated with several QoS parameters, e.g.:

-
QoS Class Identifier (QCI): scalar that is used as a reference to access node-specific parameters that control bearer level packet forwarding treatment (e.g. scheduling weights, admission thresholds, queue management thresholds, link layer protocol configuration, etc.), and that have been pre-configured by the operator owning the eNodeB. A one-to-one mapping of standardized QCI values to standardized characteristics is for instance captured in [reference to 23.203] for LTE.

Table 16.7-1: QCI Example (LTE)

	QCI
	Type
	Packet Delay Budget
	Packet Error Loss

Rate
	Example Services

	1
	GBR
	80 ms
	10-2
	Conversational Voice

	2
	
	130 ms
	10-3
	Conversational Video (Live Streaming)

	3
	
	30 ms
	10-3
	Real Time Gaming

	4
	
	280 ms
	10-6
	Non-Conversational Video (Buffered Streaming)

	5
	Non-GBR
	80 ms
	10-6
	IMS Signalling

	6
	
	
280 ms
	
10-6
	Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file sharing, progressive video, etc.)

	7
	
	
80 ms
	
10-3
	Voice,
Video (Live Streaming)
Interactive Gaming

	8
	
	

280 ms
	

10-6
	Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file 


-
Guaranteed Bit Rate (GBR): the bit rate that can be expected to be provided by a GBR bearer, 

The configuration of those QoS parameters, allows LTE-Advanced to support a wide range of services. In particular, LTE-Advanced can support basic conversational service class, rich conversational service class and conversational low delay service class. In addition, LTE-Advanced is also able to support the service classes of interactive high delay, interactive low delay, streaming live, streaming non-live and background, which are also given in § 7.4.4 of Report ITU-R M.2135. Thus it can be concluded that LTE-A fulfills the ITU requirements on support of services.
End of Text Proposal
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