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1. Introduction

This document discusses issues that should be considered when evaluating overall MBMS performance and defining MBMS minimum performance requirements.

Currently two transmissions techniques are defined for MBMS; Point-to-point (p-t-p) and Point-to-Multipoint (p-t-m). Since p-t-p connection means a normal DCH connection with normal DCH features, this document concentrates on the UE requirements of p-t-m MBMS services, which include various features like soft and selective combining. 

Section 2 describes different MBMS channels for p-t-m MBMS services and briefly discusses different reception methods for these channels. Section 3 discusses the minimum UE capability of a MBMS capable UE and potential S-CCPCH configurations that could be used in RAN4 MBMS work. In Section 4 we investigate what are different MBMS elements that RAN4 should concentrate on in its MSMS work. We also show preliminary simulation results in Section 5. Finally we make a proposal for a way forward.

2. MBMS channels for p-t-m

In order to facilitate the discussion on MBMS UE requirements we have collected some main points of different p-t-m MBMS channels and their purposes in this section. The p-t-m transmission of MBMS data applies to all RRC states.

MTCH

MBMS point-to-multipoint Traffic Channel (MTCH) is a logical channel used for a p-t-m downlink transmission of user plane information between network and UEs in RRC Connected or Idle Mode. The user plane information on MTCH is MBMS Service specific and is sent to UEs in a cell with an activated MBMS service.

The MTCH is always mapped to one specific FACH in the S-CCPCH as indicated on the MCCH.

Selective and soft combing schemes can be applied to MTCH.

MCCH

MBMS point-to-multipoint Control Channel (MCCH)is a logical channel used for a p-t-m downlink transmission of control plane information between network and UEs in RRC Connected or Idle Mode. 

The MCCH is always mapped to one specific FACH in the S-CCPCH as indicated on the BCCH. MCCH can be sent in S-CCPCH carrying the DCCH of the UEs in CELL_FACH state, or in standalone S-CCPCH, or in same S-CCPCH with MTCH. In case of soft combining, the MCCH is mapped to separate S-CCPCH (CCTrCH in TDD) than MTCH.

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. 

No combining scheme is applied to MCCH.

When selective or soft combining is available between cells the UTRAN should send MBMS NEIGHBOURING CELL P-T-M RB INFORMATION containing the MTCH configuration of the neighbouring cells, available for selective or soft combining .For soft combining UTRAN also has to inform L1 combining schedule for neighbour cells in the MBMS NEIGHBOURING CELL P-T-M RB INFORMATION. Among other things, this information would indicate in which TTIs neighbour cell can be either soft or selective combined. The details are still being discussed in RAN2.

The UE also needs know when the same services that it wants to receive, are scheduled on the S-CCPCHs of the cells to be combined in order to successfully combine signals from different cells.  Based on an initial agreement in the RAN2 reflector the neighbour cell information on MCCH provides the following L1 combining information for partial soft combining. Depending on service scheduling partial soft combining may be rather dynamic operation.

· relative timing 

· a list of intervals (defined by start and duration) when this S-CCPCH can be L1- combined 

· A list of services that can be L1 combined 

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 UTRAN should transmit MCCH information on consecutive TTIs.
The UTRAN may repeat the MCCH information following a scheduled transmission in order to improve reliability of the reception. The MCCH schedule will be common for all services. This means that the MCCH reading time is not only determined by data rate and messages sizes on MCCH but also by the number of repeated attempts for receiving the information correctly.  

The details on how all the needed neighbour cell information is provided on MCCH is still open and therefore the final estimation of MCCH bit rate is still difficult.

MSCH

MBMS point-to-multipoint Scheduling Channel (MSCH) is a logical channel used for a p-t-m downlink transmission of MBMS service transmission schedule between network and UEs in RRC Connected or Idle Mode. The control plane information on MSCH is MBMS service and S-CCPCH specific. Based on the latest tentative RAN2 decisions the service scheduling of each cell is provided for DRX purposes on the MSCH of each cell.

One MSCH sent in each S-CCPCH carrying the MTCH. The MSCH is always mapped to one specific FACH in the S-CCPCH as indicated on the MCCH. Due to different error requirements the MSCH is mapped to separate FACH than MTCH. No combining scheme is applied to MSCH.
MICH

The MBMS notification mechanism is used to inform UEs of an upcoming change in critical MCCH information. Notifications are based on service groups.
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. It has also been agreed that the MICH scheduling allows the UE to only read MICH while waking up according to rel99 paging occasions.
No combining scheme is applied to MICH.

3. Minimum UE capability and MBMS scenarios
The scenarios that RAN4 will use for analysing MBMS performance should be realistic for a reliable estimation of an overall MBMS performance and for investigating areas that require attention when determining the MBMS minimum performance requirements. For setting minimum performance requirements we have to ensure that the UE performance is verified with the presence of essential MBMS functionalities as this guarantees that the required performance is also achieved in real operational environments. Some of the MBMS functionalities can most likely be verified independently from each other. However, it is our understanding that due to different L1 functionalities for different MBMS channels RAN4 should first analyse the MBMS performance as whole in order to find out whether different MBMS channels could be verified independently or whether the performance of various different MBMS functionalities should be verified together. By doing this analysis we would be able to ensure a good total performance for MBMS services in real MBMS deployments. 

TS25.306 will define the minimum UE capabilities for MBMS capable UE, which are useful for defining scenarios to be used in the MBMS performance analyses. Hence, we briefly introduce these capabilities here. 

According to TS25.346 the UE has to be able to support in minimum one primary CCPCH plus all the configurations below. However, the UE is not required to support these configurations in different bullets simultaneously.

1. One PICH and one MICH

2. One S-CCPCH and one MICH

3. One S-CCPCH (dedicated FACH and possibly the FACH, which may carry MCCH) and two S-CCPCH with 80ms TTI for MTCH reception

4. One S-CCPCH (dedicated FACH and possibly the FACH, which may carry MCCH) 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

As a starting point RAN4 could assume that the UE is in CELL_FACH state as this requires various parallel operations from the UE. In this way we would also be able to avoid uncertainties due to DRX operation in idle mode, CELL_PCH and URA_PCH states. For defining an actual configuration for MBMS performance analyses RAN4 still have to agree on some assumptions for the assumed network configuration. Below we have listed main issues to be decided with preliminary configuration proposals. 

· S-CCPCH configurations for FACH channels carrying PCCH, DCCH, MTCH, MCCH and MSCH

· We could use e.g. the following configuration as a starting point for performance analyses as it requires various parallel operations for a UE while allowing rather flexible channel configuration to the network. 

· 1 S-CCPCH for REL99 PCH carrying PCCH

· 1 S-CCPCH for REL99 FACH carrying DCCH

· However, MBMS capable UE should also be able select this SCCPCH for dedicated FACH reception

· 1 S-CCPCH for FACH carrying MCCH and normal REL99 FACH carrying DCCH and DTCH

· 1 S-CCPCH for one FACH carrying MTCH and another FACH carrying MSCH

· MBMS service data rate

· 64 kbits/s and 32 kbits/s MBMS services could be used a starting point

· MBMS service multiplexing

· In addition to the 64kbits/s MBMS service we could also multiplex two 32 kbits/s MBMS services to the same S-CCPCH. 

· Required data rates for different MCCH and MSCH. 

· Detailed L1 parameters

· What neighbour cell measurements the UE is requested to perform in parallel to MBMS operations

· Since measurement gaps for inter-frequency and inter-RAT measurements have notable impact on MBMS performance we propose that in addition to intra-frequency neighbour cell measurements the UE would also be required to perform inter-frequency measurements when MBMS performance analyses are made.
4. MBMS performance requirements

This section discusses various MBMS performance issues that should be considered in MBMS performance analyses and when defining MBMS minimum performance requirements in order ensure a good MBMS performance. 
4.1
Reception performance 
Soft and selective combining methods are defined as new L1 performance enhancement methods for a common channel. In order to ensure that the potential gains of these new combining schemes materialise in reality it is important to develop minimum MTCH reception performance requirements in a multi-cell environment. Too simplistic modelling of an operational environment may mean that these gains are only achievable in special scenarios. 

RAN2 and RAN1 have discussed the benefits of TTI reordering for introducing time diversity [1]. It was decided that this scheme can be used in a network without any changes in the specifications. We therefore propose that RAN4 also considers this improvement method in its performance analyses.

A special form of soft combining; partial soft combining requires rather dynamic operations both from the UE and UTRAN and therefore we feel that it would be desirable to consider to include it to the RAN4 performance analyses and potentially also to the RAN4 minimum performance requirements. This would mean that soft combining would only be allowed in some of the TTIs as indicated by MCCH.

Soft and selective combining methods are expected to provide gains on the areas that are more or less the same as normal soft HO region in CELL_DCH. However, in CELL_DCH the UE does normal soft combining equally for all logical channels that are mapped to DCH (i.e. both DTCH and DCCH). This ensures that system really gains from soft HO. However, as already discussed in Section 2 in case of MBMS only MTCH can be soft or selective combined while no combining method is applied to the MBMS control channels MCCH and MSCH. This means some level of imbalance between reception performances of logical different channels. This should be compensated with better protection and higher Eb/No for the control channel data.

Somewhat better Eb/No is achievable for the control channel than for MTCH  due to lower bit rate. On the other hand since the intention is to minimise the amount of data that the UE has to read from neighbour cells, which are typically even weaker than the serving cell, the amount of data that needs to be transmitted on MCCH is not likely to be negligible. Especially this is the case with partial soft combining, which allows flexible service scheduling between cells unlike continuous(full) soft combining but therefore needs exact information in which TTIs neighbour cells can be soft combined. 

The UE has to receive MCCH periodically as discussed in Section 2. Depending on the configuration of different S-CCPCHs the UE may or may not be required to receive MCCH in parallel to MTCH reception. If a parallel reception is not required, the UE may need to stop receiving MTCH while receiving MCCH. Reception breaks for MTCH cause similar performance degradation as inter-frequency and inter-RAT measurements with measurement occasions or compressed mode gaps. Based on the minimum MBMS capabilities the limitation for parallel reception could occur e.g. in the following S-CCPCH configuration: 

· One S-CCPCH is shared between the FACH of MTCH and the FACH of MSCH.

· One S-CCPCH is reserved for normal REL99 FACH without any MBMS channel. .
· MCCH is mapped to a third S-CCPCH. In order to support soft combining MCCH and MTCH have to be mapped to different S-CCPCH channels.

Even if there is no need to stop MTCH reception while the UE is decoding MCCH, a good MCCH reception performance is essential for MBMS service. TS25.346 defines that the UE has to keep receiving the S-CCPCH, to which MCCH is mapped, 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).
Depending on how much earlier the UTRAN informs MTCH changes on MCCH the reception of MTCH may either have to be stopped or data gets corrupted if the UE is not able to receive the modification indication before the modification actually happens on MTCH. 

In order to investigate the reception performance of MCCH some indications of its data rate is needed. One major contributor to the amount of MCCH data is the required neighbour cell information. Typically the size of intra-frequency neighbour cell list in a network is approximately 32. Since it is expected that at least in some cases MBMS is deployed in the existing networks, it would seem reasonable to assume that also the same neighbour list size should be possible. RAN2 has done some analyses on the number of bits required for MCCH data transmissions but in their analyses only six neighbour cells were considered. We would like RAN4 to consider whether this is really a realistic assumption as it seems to contradict with the current RAN4 assumption of the number of potential intra-frequency neighbour cells. Furthermore, smaller number of neighbour cells limits MBMS deployment in the existing networks or alternatively reduces achievable soft and selective combining gain. 

Based on the discussion above we believe that a good reception performance of MCCH is essential for ensuring a good MBMS service throughout the network. We also expect that the region, where soft or selective combining is performed for MTCH, is also an area where the performance of MCCH reception is critical.

As discussed in Section 2 MSCH mainly provides service scheduling for DRX purposes in each cell. As DRX is an optional power saving feature for a UE we feel that it may be less important to verify the reception performance of MSCH than e.g. that of MCCH and MTCH. If a UE is not capable of receiving MSCH, it only means that it cannot benefit from power saving either. Power saving on the other hand is essential for each UE manufacturer and therefore the best efforts for achieving power savings will anyway be done by each vendor. However, a need of MSCH performance requirements should re-checked once the final details of this control channel are decided in RAN2.

MICH is used to inform UEs of an upcoming change in critical MCCH information. We think that it may be necessary to develop minimum performance requirements for ensuring good MICH reception performance for terminals that utilise MICH for achieving efficient sleep-mode operation. MICH channel is very similar to PICH. Similarly to the PICH/PCH demodulation requirements also MICH demodulation requirements have to be tied to MCCH demodulation requirements.
4.2
Inter-frequency and Inter-RAT Measurements

Inter-frequency and inter-RAT measurements are also an important aspect for the quality of a MBMS service. RAN4 is working on improvements for inter-frequency neighbour cell requirements in REL-6 [2] [3]. Although no decision is made on the inclusion of any improvements yet it would be important to consider this work in the context of MBMS as well. The improvements of inter-frequency neighbour cell measurements have a direct and potentially considerable positive effect on the performance of MBMS. The improvements of inter-frequency neighbour cell measurements would also benefit MBMS control channels, which cannot gain from selective or soft combining methods. 

4.3
FLC

A new Frequency Layer Convergence (FLC) method has been developed for MBMS cell reselection. Although most of the aspects of FLC do not affect the RAN4 UE minimum requirements, there may be some areas that require attention in RAN4. However, we expect that this work can proceed rather independently from the rest of the RAN4 MBMS work.

5. Simulation results

We present here illustrative simulation results for the demodulation performance of MTCH and MCCH are performed. As the details of MCCH are not yet decided we had to make some assumptions for the simulations. The simulation assumptions are presented in Annex.  

A TTI length of 20 ms might be a likely choice for MCCH in order to allow multiplexing of REL99 FACH and MCCH FACH to the same S-CCPCH. We have used the same turbo coding method for the MCCH FACH as for the MTCH FACH although convolutional coding is another candidate for the MCCH FACH. Hence, the MCCH results presented in Figure 1 indicate an upper bound for MCCH demodulation performance with the given assumptions. Since the required MCCH data rate is still open, we have shown simulation results for two different MCCH data rates. 
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Figure 1 Comparison of MCCH and MTCH demodulation performance when soft combining is applied to MTCH
In order to fully understand the total MBMS performance further information on MCCH is needed. However, already these preliminary results show that good reception performance of MCCH is essential to ensure good MBMS service quality. 

Figure 1 also indicates that the demodulation performance of MCCH would be a limiting factor for MBMS service with these MCCH assumptions. There is several dBs gap between the required S-CCPCH Ec/Ior of MTCH and MCCH even for BLER of 0.1. Since the MCCH information needs to be decoded correctly, several repeated attempts would typically be needed for correct MCCH reception. This, on the other hand, increases a delay in receiving the MBMS control information. To understand an overall MBMS performance RAN4 should  also investigate what kind of power allocation is acceptable for S-CCPCH carrying control data.

6. Conclusions

We believe that due to different L1 functionalities for different MBMS channels RAN4 should first analyse the MBMS performance as whole. In this way RAN4 would be able to investigate whether different MBMS channels can be verified independently of each other or whether various different MBMS functionalities should be verified together in one common minimum performance requirement for ensuring a good total performance for MBMS services in real MBMS deployments.
· MBMS performance should be analysed and later on also verified in a multi-cell environment in order to ensure that the potential gains of the new combining schemes materialise in reality.

· Good reception performance of MBMS control channels is equally important as the reception performance of MCTH. There is a risk that the control channel demodulation performance starts limiting the total MBMS performance. The issue should be investigated further.

· In order for RAN4 to have realistic assumptions on MCCH data rate further information should be requested from RAN2. RAN4 should also indicate to RAN2 that it should be possible to deploy MBMS in the existing networks, which means that the number of neighbour cells is likely to be in order of 32 rather than 6. We propose that a LS will be sent to RAN2.
· RAN4 is working on improvements for inter-frequency neighbour cell requirements in REL-6.The improvements of inter-frequency neighbour cell measurements would benefit all MBMS channels (even those, which cannot gain from selective or soft combining methods). Hence, it would be advantageous to consider these improvements together in MBMS performance analyses. 
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8. Annex: Simulation Assumptions

	Parameter
	Value

	CPICH Ec/Ior
	-10 dB

	SCH Ec/Ior 

(Power split is equally between P-SCH and S-SCH)
	-12 dB

	OCNS
	Used to sum the NodeB power to 1

	Inner TTI for MTCH
	80 ms and 20 ms

	Inner TTI for MCCH
	20 ms

	S-CCPCH slot format
	10

	SF
	32

	Information Rate of MTCH
	64 kbps

	Information Rate of MCCH
	8 and 12 kbps

	Channel Coding 
	Turbo 1/3

	CRC
	16

	Turbo decoding
	MaxLogMap – 8 iterations

	Channel Estimation
	The location of each ray on the channel is known a-priori to the receiver but the phase and amplitude are estimated 

	RX AGC
	Off

	Number of bits in A/D converter
	Floating point

	Geometry
	-6 dB

	Number of cells
	3 cells with equal power

	Radio propagation conditions
	Ped A 3 km/h

	Number of Tx antennas
	1
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