1

3GPP TSG-RAN WG4 (Radio) Meeting #32 
R4-040437
Prague, Czech Republic, 16th-20th Aug, 2004
Agenda Item:
6.6.1
Source: 
Ericsson, 
Title: 
Measurement requirements and MBMS reception.

Document for:
Discussion
1. Introduction :

Measurement occasions vs MBMS. 

Idle, Cell_PCH, URA_PCH and Cell FACH
In [1] the concflict of inter-frequency and inter-RAT measurement with MBMS decoding during MBMS sessions were addressed. In this contribution an overview of the conflicts between measurements and demodulations of  MBMS is given for all RRC states. In Cell_DCH, the inter-frequency and inter-RAT measurements are scheduled in compress mode gaps while in Cell_FACH they are scheduled in Measurement Occasions and in the paging modes, they are just scheduled between the DRX cycles and the rest is left for implementation. Therefore all states must be considered. Conclusions are also given with a list of actions. 

1.1 MBMS principles

In the appendix in the back some sections from the technical report 24.346 V 6.0.0, (2004-03) “Introduction of the Multimedia Broadcast Multicast Service (MBMS) in the Radio Access Network”. In section 10.2 of that report it is stated that inter-frequency and inter-RAT measurements have priority over MBMS decoding. In most cases the measurement gaps only correspond to a a part of a MBMS TTI. Therefore MTCH transport blocks can still be decoded even though that a higher received power is required. 

2 Measurements in the different RRC states and conflicts between measurements and MBMS reception.

2.1 Cell_DCH state

2.1.1 Measurements in Cell_DCH

When measurements on inter-frequency and inter-RAT cells are required simultaneously as the UE listens to a MBMS session, there is a risk for a conflict between  the measurements and reception of the MBMS data

In Cell_DCH state the inter-frequency and inter-RAT measurements are performed in compressed mode gaps. The gaps are between 3 and 14 slots long. At most 2 frames out of 3 can be compressed, which means that absolutely maximum data corresponding to 14 slots out of three frames will be lost.

The compressed mode gaps will furthermore primarily be activated when the quality of the signals from the cells in active set is degraded and there is a risk for problems with the coverage.

Since the compressed mode gaps can be quite frequent, especially when both inter-frequency cells and inter-RAT measurements are performed simultaneously, the possibilities to avoid compressed mode gaps during the MTCH TTIs scheduled to the UE is very small. 

Especially if 80 ms TTI is used for MBMS data (MTCH) and furthermore the data shall be read by several UEs with different compressed mode patterns.

Therefore, since measurements shall be prioritised, it is necessary for the MBMS service to have enough coding on the data to cope with the amount of compressed mode that is used by the MBMS users. 

In Cell_DCH, the network signals the exact positions and gap lengths of the compressed mode gaps to the UE. Therefore the network have control over the measurement impact on the MBMS link performance. However, it is the UEs that are coming close to the cell border who need this extra link margin due to measurements of other cells and systems. 

2.1.2 Conflict between Measurement and MBMS reception in Cell_DCH

In Cell_DCH, the activity is given in section 7.3.5 of 25.346 while the capabilities in section 7.2 of the technical report does not reflect the Cell_DCH case. However the assumption here is that the reception of the S-CCPCH and the dedicated channel must be performed in parallel.

The UE has to monitor MTCH and MCCH  on the S-CCPCH continuously. New information on the MCCH is indicated either by an indication on the MICH or by an inband indication on the dedicated channel. 

The TTI of the MTCH is 40 or 80 ms.

During each TTI there may be several compressed mode gaps. Assuming worst case, there might be gaps of length 7 slots in two frames out of three. During a 40 ms TTI there might thereby be approximately 21 missing slots out of 60 slots and during a 80 ms TTI there might be 42 missing slots out of 120 slots  in total received in the TTI. There might be some further symbols missing as well since the S-CCPCH and the downlink DPCH are not time alihgned 

This means that about 1/3:rd of the transmitted bits are missing when decoding the MBMS data. However, this depends on the compressed mode patterns and in a typical case the amount of missing data bits is much lower.

A UE which is doing inter-frequency and inter-RAT measurements in compressed mode gaps do need an extra link margin to reflect the hard puncturing performed by the compressed mode gaps.

2.2 Cell-FACH state

2.2.1 Measurements in Cell_FACH

When in Cell_FACH state, measurement occasions are specified in 25.331 and every 2k TTI is used for measurements on other frequencies as well as on inter-RAT systems where k is given in the table below. 

K values for each NTTI value

	NTTI
	K

	1
	3,4,5,6

	2
	2,3,4,5

	4
	2,3,4

	8
	1,2,3


This means that for 80 ms TTIs every second TTI might be used for measurements while for 10 ms TTI, maximum 1 TTI every 80 ms can be used for measurements. 

The TTIs 10 and possible 20 ms are used on the S-CCPCH today so the focus shall be on these TTIs.  

2.2.2 Conflict between Measurement and MBMS reception in Cell_FACH

This is the case described in the document from Siemens  (tdoc R4-04xxxx) 

In this case the minimum rate of measurement occasions is according to the table below:

Minimum Time between measurement occasions for each NTTI value

	NTTI
	Minimum time between Measurement Occasions (ms) 

	1
	80 

	2
	80

	4
	160

	8
	160


Measurements shall be performed as long as the measurement rules in 25.304 indicates that. These measurement rules are based on the received quality of the serving cell.

Discussing the problems for each NTTI, starting with NTTI=1. 

10 ms TTI on the FACH channel: For this case maximum 15 slots are missing for the MBMS service every TTI of either 40 or 80 ms. It means that maximum approximately 25% and 12.5% of the MBMS TTIs respectively are missing in the TTIs that are hit by a whole measurement occasion. This might occur in every MBMS TTI of 80 ms or every other MBMS TTI of 40 ms.
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Figure 1: An example with 80 ms TTI on the MBMS channel and 10 ms TTI on the FACH channel with measurement occasions every 80 ms.

20 ms TTI on the FACH channel: For this case maximum 30 slots are missing for the MBMS service every TTI of either 40 or 80 ms. It means that maximum approximately 50% and 25% of the MBMS TTIs respectively are missing in the TTIs that are hit by a whole measurement occasion. This might occur in every MBMS TTI of 80 ms or in every other MBMS TTI of 40 ms. Since the channels, when the dedicated FACH channel and the MBMS channels are mapped to different S-CCPCHs, are aligned one measurement occasion can only cover one MBMS TTI.
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Figure 2: An example with 80 ms TTI on the MBMS channel and 20 ms TTI on the FACH channel with measurement occasions every 80 ms.

40 ms TTI: For this case maximum 60 slots are missing for the MBMS service every TTI of either 40 or 80 ms. It means that maximum approximately 100% and 50% of the MBMS TTIs respectively are missing in the TTIs that are hit by a whole measurement occasion. This might occur in every other  MBMS TTI of 80 ms or every fourth MBMS TTI of 40 ms.

80 ms TTI: : For this case maximum 60 slots are missing for the MBMS service every TTI of either 40 or 80 ms. It means that maximum approximately 100% and 50% of the MBMS TTIs respectively are missing in the TTIs that are hit by a whole measurement occasion. This might occur in every other  MBMS TTI of 80 ms or every fourth MBMS TTI of 40 ms.

2.3 Idle, Cell_PCH and URA_PCH modes

2.3.1 Measurements in Idle Mode

In Idle mode the UE normally wakes up once per DRX cycle to read the paging information and to do measurements. 

TmeasureFDD, and TmeasureGSM
	DRX cycle length [s]
	TmeasureFDD [s] (number of DRX cycles)
	TmeasureGSM [s] (number of DRX cycles)

	0.64
	1.28 (2)
	5.12 (8)

	1.28
	1.28 (1)
	6.4 (5)

	2.56
	2.56 (1)
	7.68 (3)

	5.12
	5.12 (1)
	10.24 (2)


The UE shall measure CPICH Ec/Io and CPICH RSCP at least once every (Ncarrier-1)  * TmeasureFDD and shall be able to detect a new cell within 30 s. This means that for DRX cycle 640 ms, interfrequency measurements must be taken once every 1.28 s. 

The length of the interfrequency measurements might depend on implementation, take up to 35-40 ms based on the cell search procedure with 10 ms processing in each of the three stages and then .  In can also be decreased to 10 ms by storing the received data during the first 10 ms and then do the processing of stage 2 and 3 offline on the stored data. Furthermore measurements on all GSM cells must be performed once every Tmeasure GSM s. When searching for new GSM cells the search on each carrier might take several WCDMA frames (the GSM receiver must be able to receive the SCH, containing the BSIC, which is sent 5 times every GSM multiframe, which is 120 ms).

2.3.2 Measurements in Cell_PCH and URA_PCH Modes
For Cell_PCH and URA_PCH, the  measurement procedures are similar to the idle mode procedures. The main difference is that the DRX cycle can be shorter, down to 80 ms.

TmeasureFDD, and TmeasureGSM for Cell_DCH and URA_PCH
	DRX cycle length [s]
	TmeasureFDD [s] (number of DRX cycles)
	TmeasureGSM [s] (number of DRX cycles)

	0.08
	0.64 (8 DRX cycles)
	2.56 (32 DRX cycles)

	0.16
	0.64 (4)
	2.56 (16)

	0.32
	1.28 (4)
	5.12 (16)

	0.64
	1.28 (2)
	5.12 (8)

	1.28
	1.28 (1)
	6.4 (5)

	2.56
	2.56 (1)
	7.68 (3)

	5.12
	5.12 (1)
	10.24 (2)


2.3.3 Conflict between Measurement and MBMS reception in idle, Cell_PCH and URA_PCH modes

In these cases measurements on interfrequency cells is performed with maximum rate of one measurement sample every 640 ms and inter-RAT cells  are measured with maximum rate of one measurement sample every 2.56 s. 

However there are no requirements on how long time shall be spent on interfrequency and inter RAT measurements. There are no requirements on when the measurements are done either. The only requirement currently is that on the intra-frequency  the PICH and PCH shall be received. 

Therefore it is not currently possible to estimate the amount of data that will be missing due to inter-frequency and inter-RAT measurements.    

3 Conclusion

Based on the discussions above, there are open issues in all RRC states how to specify inter-frequency measurements while receiving MBMS.  

In Cell_DCH a study of the amount of puncturing that can be allowed is given. 

In Cell_FACH the measurement occasions for the longer TTIs does not work without many block errors. Here we no eed t limit the TTIs used on Cell_FACH during MBMS activities to 10 or 20 ms.

In Idle, Cell_PCH and URA_PCH there is a need to specify the amount of inter-frequency and inter-RAT measurements in order to evaluate the degradation of the MBMB link performance.
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Appendix 

From 24.346 V 6.0.0, (2004-03) “Introduction of the Multimedia Broadcast Multicast Service (MBMS) in the Radio Access Network”

5.2.1
MBMS Service States in UE

The MBMS bearer service has following service states in the UE:

1. Not active, UE has not joined any MBMS multicast service or not activated the broadcast mode of the MBMS 

2. Not active, UE has joined at least one MBMS multicast service and/or activated the broadcast mode of the MBMS, but MBMS SYSTEM INFORMATION is not broadcasted on BCCH.
3. Active, UE has joined at least one MBMS multicast service and/or activated the broadcast mode of the MBMS, but any of the services that UE has joined (interested in broadcast mode) is not being transmitted. UE monitors MICH to find modifications in the MCCH as defined in 5.1.6

4. Active; at least one MBMS multicast service which the UE has joined (interested in broadcast mode) is transmitted on p-t-m

a. UE is receiving MBMS transmission on MTCH

b. UE is using DRX based on scheduling information informing that coming MTCH transmission is not in the interest of the UE.

5. Active; at least one MBMS multicast service which UE has joined is transmitted on p-t-p
6. Active; at least one MBMS multicast service which UE has joined is transmitted on p-t-p and at least one MBMS multicast service which UE has joined (interested in broadcast mode) is transmitted on p-t-m. (only valid if UE has capability to support this combination) 
When MBMS transmission is started in cell the UE moves from state 3 to either state 4 or state 5 (6), depending on p‑t‑p transmission mode and after MBMS transmission ends in the cell, the UE moves from state 4 or state 5 (6) to state 3.

5.2.3
MCCH Information Scheduling

The MCCH information will be transmitted based on a fixed schedule. This schedule will identify the TTI containing the beginning of the MCCH information. The transmission of this information may take a variable number of TTIs and the UE will keep receiving the S-CCPCH until:

· It receives all of the MCCH information, or

· It receives a TTI that does not include any MCCH data, or
· The information contents indicate that further reception is not required (e.g. no modification to the desired service information).
Based on this behaviour, the UTRAN may repeat the MCCH information following a scheduled transmission in order to improve reliability. The MCCH schedule will be common for all services.
The entire MCCH information will be transmitted periodically based on a "repetition period". The "modification period" will be defined as an integer multiple of the repetition period. The MBMS ACCESS INFORMATION may be transmitted periodically based on an "access info period". This period will be an integer divider of the "repetition period".
MCCH information is split into critical and non-critical information. The critical information is made up of the MBMS NEIGHBOURING CELL INFORMATION, MBMS SERVICE INFORMATION and MBMS RADIO BEARER INFORMATION. The non-critical information corresponds to the MBMS ACCESS INFORMATION. Changes to critical information will only be applied at the first MCCH transmission of a modification period. Changes to non-critical information could take place at any time.

The Figure 3 below illustrates the schedule with which the MBMS SERVICE INFORMATION and RADIO BEARER INFORMATION would be transmitted. Different colours indicate potentially different MCCH content.
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Figure 3: MCCH Information Schedule

5.2.4
MBMS Notification

NOTE:
This section describes only the case that the MBMS notification indicators are sent on MICH. 
An MBMS notification may also be sent on the S-CCPCH carrying the MTCH or even on the S-CCPCH carrying the MCCH.  Thus UTRAN may use in-band notification instead of the MICH to notify users receiving MTCH. [FFS based on decision on SNI].
The MBMS notification mechanism is used to inform UEs of an upcoming change in critical MCCH information. Notifications are based on service groups. The mapping between service IDs and service groups will be based on a hashing mechanism. The exact details of this mechanism will be defined in the Stage 3 specifications.

The MBMS notification indicators will be sent on an MBMS specific PICH, called the MICH.  A single MICH frame will be able to carry indications for every service-group. 

Critical MCCH information can only be changed at the beginning of a modification period as described in Section 5.2.3. The MBMS notification indicator corresponding to the service group of every affected service shall be set continuously during the entire modification period preceding such a change. 

UEs are free to read the MBMS notification at any time; however the modification interval shall be long enough so that UEs are able to reliably detect it even if they only receive the MICH during their regular Release 99 paging occasions. The need to limit particularly long DRX cycles (e.g. 5 sec) due to MBMS reception is defined in Stage 3.

Upon detecting the MBMS notification indication for a service group, UEs interested in a service corresponding to this group shall start reading the MCCH at the beginning of the next modification period.

The Figure 4 below illustrates the timing relation between the setting of the MICH and the MCCH information change. The green colour for the MICH indicates when the NI is set for the service. For the MCCH, different colours indicate different MCCH content.
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Figure 4: Illustration of MICH timing relative to Modification period

7.2
UE Capability 

The UE MBMS capability is not sent to UTRAN and is subject to UE implementation, including the relation between MBMS capability and actual RRC state which is also a UE implementation. A consequence is that a UE may be counted although its actual capability does not allow to receive MBMS transmissions e.g. because of its current RRC state. Further optimizations to avoid counting of useless UEs may be included in Stage 3. 

The standard will describe a minimum UE capability requirement in order to allow operators to configure MBMS channels that can be common to all UEs supporting the given service.

There may be a minimum UE capability defined per service category e.g. one for I/B MBMS UEs, one for MBMS video UEs. The list of service categories would also need to be defined.

There are some UE capability requirements that are common to all eventual service categories:

The minimum UE capability for MBMS capable UE, is one primary CCPCH plus all the configurations below. The UE is not required to support these configurations simultaneously. 

1. One PICH and one MICH

2. One S-CCPCH and one MICH

3. One S-CCPCH (dedicated FACH) and two S-CCPCH with 80ms TTI for MTCH reception

4. One S-CCPCH (dedicated FACH) and three S-CCPCH with 40ms TTI for MTCH reception 

5. One PICH and two S-CCPCH with 80ms TTI for MTCH reception

6. One PICH and three S-CCPCH with 40ms TTI for MTCH reception

The requirement one reflects the case when the UE is in Idle mode, or URA_PCH, CELL_PCH state and MBMS reception is not ongoing and requirement five and six are for the case that MBMS reception is ongoing in Idle mode, or URA_PCH, CELL_PCH state. 

The requirement two reflects the case when the UE is in CELL_FACH state and MBMS is reception not ongoing and requirement three and four are for the case when MBMS reception is ongoing respectively. 

The minimum MBMS bit rate that all MBMS capable UEs shall support is to be defined in Stage 3.

The standard may restrict further the UE implementation options by defining certain capability combinations. 

7.3
MBMS Reception

The following descriptions add MBMS specific processes to be considered for each RRC State/Mode.

The BCCH contains information regarding the MCCH, while the latter contains information on the MTCH.

In the sub-sections below, how and when the UE reads the MCCH is not described as periodic MCCH transmission is described in 5.2.3. .

NOTE: reception of multiple MBMS services simultaneously is subject to UE capability; selection between these when needed is [FFS].

7.3.1
MBMS Reception in RRC Idle Mode

In idle mode, the UE shall:

- if the UE supports MBMS and

- if the UE has activated an MBMS service and there is an ongoing session for this service in the cell where the UE is situated, i.e. MTCH and MCCH are available

- act on RRC messages received on MCCH and:

- if the MBMS service requires the establishment of an RRC Connection 

- inform upper layers that the MBMS Service requires the establishment of an RRC Connection,

- if the MBMS service does not require the establishment of an RRC Connection :

- listen to the common transport channel on which the MTCH is mapped.

- if the UE determines that a neighbouring cell is suitable for selective combining and the UE has valid MBMS NEIGHBOURING CELL INFORMATION  of that cell

- performs selective combining of MTCH between the selected cell and the neighbouring cell. 

7.3.2
MBMS Reception in RRC Connected Mode: URA_PCH state

In URA_PCH, the UE shall:

- if the UE supports MBMS and

- if the UE has activated an MBMS service and there is an ongoing session for this service in the URA where the UE is situated, i.e. MTCH and MCCH are available

- act on RRC messages received on MCCH,

- for each MBMS service that the UE has activated and where transmission on a MTCH is indicated in the MCCH, listen to the common transport channel on which the MTCH is mapped,

- if the UE determines that a neighbouring cell is suitable for selective combining the UE has valid MBMS NEIGHBOURING CELL INFORMATION  of that cell

- performs selective combining of MTCH between the selected cell and the neighbouring cell.

- if on the MCCH is indicated that the MBMS service in the cell requires a cell update:

- initiate a cell update procedure. The cause to be used in the cell update procedure is defined in Stage 3.

7.3.3
MBMS Reception in RRC Connected Mode: CELL_PCH state

In CELL_PCH, the UE shall:

- if the UE supports MBMS and

- if the UE has activated an MBMS service and there is an ongoing session for this service in the cell where the UE is situated, i.e. MTCH and MCCH are available

- act on RRC messages received on MCCH

- listen to the common transport channel on which the MTCH is mapped,

- if the UE determines that a neighbouring cell is suitable for selective combining the UE has valid MBMS NEIGHBOURING CELL INFORMATION  of that cell

- performs selective combining of MTCH between the selected cell and the neighbouring cell.

7.3.4
MBMS Reception in RRC Connected Mode: CELL_FACH state

In CELL_FACH, the UE shall:

- if the UE supports MBMS and

- if the UE has activated an MBMS service and there is an ongoing session for this service in the cell where the UE is situated, i.e. MTCH and MCCH are available

- act on RRC messages received on MCCH

- listen to the common transport channel on which the MTCH is mapped 

- if the UE determines that a neighbouring cell is suitable for selective combining the UE has valid MBMS NEIGHBOURING CELL INFORMATION  of that cell

- performs selective combining of MTCH between the selected cell and the neighbouring cell.

NOTE: For UEs in CELL_FACH, UTRAN may decide to send MBMS data over DTCH.

7.3.5
MBMS Reception in RRC Connected Mode: CELL_DCH state

In CELL_DCH, the UE shall,

- if the UE supports MBMS and

- if the UE has activated an MBMS service and there is an ongoing session for this service in the cell where the UE is situated, i.e. MTCH and MCCH are available and

- if the UE has the capabilities:

- act on RRC messages received on MCCH

- listen to the common transport channel on which the MTCH is mapped.

- if the UE determines that a neighbouring cell is suitable for selective combining the UE has valid MBMS NEIGHBOURING CELL INFORMATION  of that cell and UE has capability

- performs selective combining of MTCH between the selected cell and the neighbouring cell.

NOTE: For UEs in CELL_DCH, UTRAN may decide to send MBMS data over DTCH

10.2
UE Actions for Mobility
The UE mobility between intra frequency cells is not affected by the MBMS reception. The mobility between different frequency layers is affected by the Frequency Layer Convergence process as defined in 11.2, if used by the network.
In CELL_FACH and in CELL_DCH state the RRC operation has priority over MBMS reception, thus UE performs the inter frequency and inter RAT measurements as configured by the SRNC. UTRAN should utilize different periodicities between MCCH transmissions and CELL_FACH state measurement occasion, such that CELL_FACH state measurements and MCCH transmissions are not constantly overlapping for some UE.
In Idle mode and in CELL_PCH, URA_PCH states the measurements are performed as configured by the network based on the Release 5. The MBMS specific measurement occasions to S-CCPCH for UEs in idle mode and in CELL_PCH, URA_PCH states are not introduced and measurements have priority over MBMS reception. The usage of channel protection (channel coding) to recover some of the lost transport blocks is to be checked with RAN1.
UEs may have DRx occasions for specific MBMS service when UE can stop decoding S-CCPCH and perform measurements. DRx occasion are based on scheduling information. UE may also have possibility to skip the complete MCCH transmission based on e.g. "value tag".

R99 standards have some means to reduce need for number of measurements, which can be utilized for MBMS. 

When the UE reselects the cell due to the mobility, the UE should check if the interested MBMS service is available in the new cell for the reception of the service. The service is available when the session has been already started and the service is being served on p-t-p/p-t-m in the cell, or the service can be served in the cell if the UE requests it. 

If the MBMS service is available in the cell, the UE will perform an action for the service reception in the cell. For example, if the service is on p-t-p, the idle mode UE will initiate RRC connection establishment procedure. Otherwise, the UE does not need to perform such an action in the cell. The UE, which moves to the new cell, will operate according to the RRC state/mode as follows.
Whenever the UE moves between p-t-m cells, UE shall receive an MBMS UCG-Id, which is included in the MBMS RADIO BEARER INFORMATION. If the MBMS UCG-Id received in a new cell is the same as the MBMS UCG-Id received in an old cell, then the UE receives MTCH without re-establishment of its PDCP as the new cell is processed by the same PDCP entity as the old cell. If the MBMS UCG-Ids differs between old on new cell, the UE re-establishes its PDCP entity according to the RADIO BEARER INFORMATION. In case that RLC entity is shared in CRNC between old and new cell, the UE receives MTCH without re-establishment of its RLC, If old and new cell does not share RLC entity in CRNC the UE shall re-establish its RLC. UE shall  re-establish MAC and physical layer protocol entities upon cell change.
3GPP
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