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1 Introduction

In RAN2#57, a draft CR [1] was presented for 25.306 on UE capabilities for MBSFN. In the CR, some proposals for parameters for MBSFN TDD were presented, and a skeleton table for MBSFN FDD was outlined, with FFS for all of the FDD parameters. The purpose of this document is to provide some initial input on the possible FDD parameters with the aim of facilitating further discussion, as well as providing a brief review of certain aspects of the TDD UE capabilities parameters.

2 FDD MSBFN UE capabilities discussion
Clearly the discussion on UE capabilities depends on gaining an understanding of the likely deployment scenarios for MBSFN, such as the maximum user data rate per service that needs to be supported, as well as the number of services which an individual UE should be capable of receiving in parallel. As well as this, the UE capabilites need to be aligned to decisions made on RAN1 on the physical channel structure, and the physical data rates and coding rates which are appropriate for MBSFN operation. We note that in [2] there are two related proposals which are also connected to UE capabilities. One is to consider the addition of a new slot format in RAN1 specifications which allows for MBSFN operation using 16QAM at SF4. The other proposal is to consider the potential benefits of time multiplexing of MBMS services over MBSFN FDD. If accepted, both of these proposals imply that peak data rate may be increased during active TTIs in order to create some inactive TTIs where UE power saving benfits could be obtained.  It would be useful to gain greater understanding of the number of services that would be time multiplexed onto a single code channel, and the typical time multiplexing patterns to confirm the necessary UE capabilities in this case.
One starting point for the discussion on MBSFN MBMS could be the UE capabilities for release 6 MBMS, since we could make the assumption that an enhanced physical layer in a later release shoud provide more from a UE capabilities perspective than than would already be available in release 6. Looking at release 6 MBMS minimum capabilites part B, there are the following capabilities

	Combination of UE Radio Access capability parameters in DL for all S-CCPCHs that carry at least MTCH
	

	Transport channel parameters
	Value

	Maximum sum of number of bits of all transport blocks being received at an arbitrary time instant 
	21504



	Maximum sum of number of bits of all convolutionally coded transport blocks being received at an arbitrary time instant
	640

	Maximum sum of number of bits of all turbo coded transport blocks being received at an arbitrary time instant 
	21504



	Maximum number of transport channels for the configuration
	12

	Maximum total number of transport blocks received within TTIs that end at the same time 
	32



	Maximum number of TFC per S-CCPCH
	32



	Maximum number of TF 
	64



	Support for turbo decoding
	Yes

	Number of CRC bits
	16

	Support for slot formats that do not contain TFCI
	No

	Supported slot formats and TTI combinations 
	See table 4.13-3

	Physical channel parameters
	

	Maximum number of S-CCPCHs  simultaneously received per cell for S-CCPCH Selection Combining or Soft Combining 
	1

	Maximum number of cells for S-CCPCH Selection Combining or Soft Combining
	See table 4.13-3


Taking each of these parameters in turn, we now discuss possible ranges of value that could be used in MBSFN.

2.1
Maximum sum of number of bits of all transport blocks being received at an arbitrary time instant
From a physical layer perspective, using the largest possible slot format, it is possible to receive 19200 bits per frame, and this could increase to 38400 bits per frame if the SF=4 for 16QAM proposal in [2] is considered. From a physical layer perspective, the UE could then receive 153,600 bits in an 80ms TTI for 16QAM SF=8, or 307,200 bits for 16QAM, SF=4. Under the assumption of coding rates in the range of 0.3 to 0.5 such physical channel data rates could correspond to user data rates in the range of 570kbps to 960kbps for the SF=8 16QAM option, or 1140kbps to 1920Mbps for the SF=4 16QAM option, assuming no time multiplexing of services.
Clearly these values are greatly more than the “Maximum sum of number of bits of all transport blocks being received at an arbitrary time instant” capability that has been defined for release 6 MBMS and would create the need for soft decision storage of greater size than that needed for the highest release 6 HSDPA categories. We believe that regardless of the assumptions that are made on maximum data rate of a single service, number of services that a UE may wish to receive in parallel and possible time multiplexing of MBMS services, a smaller “Maximum sum of number of bits of all transport blocks being received at an arbitrary time instant” could be defined to reduce terminal complexity. As mentioned, we believe that the value could still be greater than the release 6 MBMS capability, especially as selective combining is not required in MBSFN, and memory savings are possible as a result .
As a starting point we could consider a maximum user bit rate of around 0.5Mbps with 80ms TTI or 1Mbps with 40ms TTI. This would require “Maximum sum of number of bits of all transport blocks being received at an arbitrary time instant = 1,000,000 * 0.04 = 40,000 approximately. Depending on the initial applications deployed on MBSFN, it may not be necessary to have such a high user bit rate, either for a single service (+MCCH, MSCH) or to receive so many services in parallel. However, this would provide some future proofing to the MBSFN capabilities and allow for enhanced services to be supported at some future date, or alternatively it would allow for some time multiplexing of MBMS services as proposed in [2]. For example, a 256kbps service could be transmitted on ervey 4th 40ms TTI, meaning that a UE which was receiving only one such service would be able to save power for around 75% of the time.
Considering a target coding rate of around 0.3 or so, this 1Mbps user data rate would correspond to a physical data rate of around 3.3Mbps. This corresponds quite closely to the physical data rate of a SF=4 16QAM channel with 38400 bits per frame. If 16QAM is restricted to SF=8, the need for an 40,000 bit capability for “Maximum sum of number of bits of all transport blocks being received at an arbitrary time instant” could be reconsidered, and it may be acceptable to user a lower value.  Nevertheless, we consider that a value of greater than 21,504 may be appropriate given that we are considering enhancements to the release 6 MBSFN service.

2.2
Maximum sum of number of bits of all convolutionally coded transport blocks being received at an arbitrary time instant
One proposal could be to use only turbo coding in MBSFN reception (apart from reception of the PCCPCH which should be considered as separate capability). Thus the UE capability “Maximum sum of number of bits of all convolutionally coded transport blocks being received at an arbitrary time instant” could be proposed to be zero. We could also consider using convolutional coding for the MCCH in the same way as for release 6 MBMS, and use the existing release 6 value (640).
2.3
Maximum sum of number of bits of all turbo coded transport blocks being received at an arbitrary time instant
The proposal is that this has the same value as “Maximum sum of number of bits of all transport blocks being received at an arbitrary time instant”.
2.4
Maximum number of transport channels for the configuration
This would depend on the maximum number of services to be received in parallel. Capability should also be reserved to receive MCCH and MSCH. Further discussions are required to clarify this aspect, but we note that for release 6 MBMS, the maximum number of simultaneous transport channels per S-CCPCH is 4 (table 4.13-3 in 25.306), and the value of 12 for this capabiity is derived from the need to perform 3 way selective combining. As a result, a value lower than 12 could be considered.
2.5
Maximum total number of transport blocks received within TTIs that end at the same time

A starting point, once  “Maximum sum of number of bits of all transport blocks being received at an arbitrary time instant” has been agreed, would be to consider the range of RLC PDU sizes. We would assume that RLC PDU size is at least around 2000 bits. For “Maximum sum of number of bits of all transport blocks being received at an arbitrary time instant” around 40000, this would give a value of around 20 for this UE capability. However, as with other UE capabilities, there would be a motivation to have capabilites which are at least as good as with release 6 MBMS. Therefore a value of 32 may be suitable for this parameter, which would provide the possibility to support somewhat smaller RLC PDU sizes (around 1250 bits).
2.6
Maximum number of TFC per S-CCPCH
This capability parameter should perhaps be renamed to “Maximum number of TFC” since there is no selective combining scheme in MBSFN FDD. However, as discussed in section 2.12 the maximum number of SCCPCHs simultaneously received could be still be considered to be greater than 1 if there was an interest in being able to receive multiple services broadcast on different SCCPCH in parallel.,
As a starting point this could be considered to be  at least as large as the maximum number of TF. However, for maximum flexibility, it would also be possible to consider a figure of 2x the maximum number of transport formats. This would allow for all possible TF to be used on an MTCH and at the same time the MCCH could be either using zero or one transport block (ie present or not present). Based on the discussion of maximum number of TF in section 2.7, this would lead to a choice of maximum number of TFC (per S-CCPCH) of around 64.
2.7
Maximum number of TF
As a starting point this could be considered to be similar to the “Maximum total number of transport blocks received within TTIs that end at the same time”, namely around 32 transport formats. Based on the assumption of a minimum RLC PDU size of 1250 bits from section 2.5, this means that all integer number of transport blocks from 1 to 32 RLC PDUs would be possible.

2.8
Support for turbo decoding
We propose that turbo coding is supported for MBSFN and believe this capability needs little further elaboration.
2.9
Number of CRC bits

We propose that 16 bit CRC is used as for release 6 MBMS.
2.10
Support for slot formats that do not contain TFCI
All slot formats for MBSFN contain TFCI and blind transport format detection has not been considered for MBSFN as for release 6 MBMS.
2.11
Supported slot formats and TTI combinations
Given that there is no soft or selective combining for MBSFN, the options for MBSFN may be simpler to agree than for release 6 MBMS. It would be possible to give consideration to the benefits of limiting the use of the highest physical channel data rate slot formats to shorter TTI lengths, especially if SF=4 and 16QAM operation would be possible, so as to reduce UE buffering requirements. As noted in section 2,1 an 80ms TTI would correspond to 307200 physical channel bits with SF=4 and 16QAM modulation.  This is considerably larger than the “Total number of soft channel bits” for category 10 HSDPA reception due to the long 80ms TTI. Therefore restrictions on supported slot formats and TTI combinations may be beneficial.

Another aspect which might be considered if time multiplexing of services is used extensively would be to restrict the UE capability to avoid receiving the highest data rates continuously for several consequtive TTIs. While such a restriction would not reduce the soft buffer requirements for receiving an MBSFN service, there would be the possibility to reduce the processing rate both in layer 1 and the higher layers of the UE implementation. Such a reduction in processing rate  would provide the possibility for power saving, but such a restriction would probably only be feasible if there was no requirement ever to receive multiple MBSFN services at high data rate in parallel.
2.12
Maximum number of S-CCPCHs simultaneously received
This capability parameter is renamed from “Maximum number of S-CCPCHs  simultaneously received per cell for S-CCPCH Selection Combining or Soft Combining” in release 6 MBMS, as there is no selection or soft combining in MBSFN. Capability to receive only one MBSFN physical channel is proposed, since it appears that fairly high data rates could be supported with a single SCCPCH. Nevertheless, as with other UE capabilities, it would be good to gain an understanding of likely deployment scenarios, to determine if there is some application for receiving multiple SCCPCH simultaneously (for example to simultaneously receive different services which are only available on different physical channels).

3 Initial proposal for FDD MBSFN UE capabilities

Following is an outline proposal for the FDD MBSFN capabilities, intended as the basis for further discussions
	Transport channel parameters
	Value

	Maximum sum of number of bits of all transport blocks being received at an arbitrary time instant 
	Around 40000


	Maximum sum of number of bits of all convolutionally coded transport blocks being received at an arbitrary time instant
	0 or 640

	Maximum sum of number of bits of all turbo coded transport blocks being received at an arbitrary time instant 
	Around 40000


	Maximum number of transport channels for the configuration
	Discuss further, probably in the range from 4 upwards

	Maximum total number of transport blocks received within TTIs that end at the same time 
	Around 32


	Maximum number of TFC per S-CCPCH
	Around 64


	Maximum number of TF 
	Around 32


	Support for turbo decoding
	Yes

	Number of CRC bits
	16

	Support for slot formats that do not contain TFCI
	No

	Supported slot formats and TTI combinations 
	Further discussion required on benefits of  restriction to TTI length for some slot formats.

	Physical channel parameters
	

	Maximum number of S-CCPCHs  simultaneously received
	Possibly 1, depending on parallel service reception requirements


4 Review of TDD MBSFN UE capabilities

The initial proposal for MBSFN TDD is reproduced from [2] below:
For 3.84 Mcps TDD, a MBSFN (MBMS over a Single Frequency Network) capable UE should support the minimum capabilities defined in Table 4.13-4b 

Table 4.13-4b: MBSFN Capabilities (3.84 Mcps TDD)

	Combination of UE Radio Access capability parameters in DL for MBMS
	

	Maximum number of bits of all transport blocks being received at an arbitrary time instant for S-CCPCHs carrying MTCH (and MCCH/MSCH)
	43603

	Maximum number of bits before de-rate matching being received at an arbitrary time instant for S-CCPCHs which carry MTCH (and MCCH/MSCH)
	65472

	Maximum number of physical channel bits received in any 10ms interval
	8184

	Maximum number of simultaneous transport channels per S-CCPCH carrying MTCH (and MCCH/MSCH)
	4

	Maximum total number of transport blocks received within TTIs that end at the same time
	130

	Maximum number of TFC per S-CCPCH carrying MTCH (and MCCH / MSCH)
	32

	Maximum number of physical channels per timeslot
	16

	Maximum number of physical channels per frame
	33

	Maximum number of timeslots per frame
	3


NOTE:
In the above table, the S-CCPCH refers to the CCTrCH carrying FACH. Only turbo coding is supported.

For 7.68 Mcps TDD, a MBSFN (MBMS over a Single Frequency Network) capable UE should support the minimum capabilities defined in Table 4.13-4c 

Table 4.13-4c: MBSFN Capabilities (7.68 Mcps TDD)

	Combination of UE Radio Access capability parameters in DL for MBMS
	

	Maximum number of bits of all transport blocks being received at an arbitrary time instant for S-CCPCHs carrying MTCH (and MCCH/MSCH)
	84572

	Maximum number of bits before de-rate matching being received at an arbitrary time instant for S-CCPCHs which carry MTCH (and MCCH/MSCH)
	128960

	Maximum number of physical channel bits received in any 10ms interval
	16120

	Maximum number of simultaneous transport channels per S-CCPCH carrying MTCH (and MCCH/MSCH)
	4

	Maximum total number of transport blocks received within TTIs that end at the same time
	130

	Maximum number of TFC per S-CCPCH carrying MTCH (and MCCH / MSCH)
	32

	Maximum number of physical channels per timeslot
	32

	Maximum number of physical channels per frame
	65

	Maximum number of timeslots per frame
	3


NOTE:
In the above table, the S-CCPCH refers to the CCTrCH carrying FACH. Only turbo coding is supported.

As for FDD MBMS capabilities, we would be interested in understanding the assumptions used in deriving such capabilities such as the maximum likely data rate per MBSFN service, and the number of services which could be received in parallel.

As an example, we note from the TDD MBSFN  that there is a maximum number of physical channel bits which can be received in any 10ms interval. This limits the maximum physical channel data rate for 3.84Mcps MBSFN operation to 8184 * 100 = 818,400 kb/s and to 1.612Mbps for 7.68Mcps TDD. Making the same kind of analysis as in for the FDD MBSFN UE capabilities discussion, and assuming a coding rate in the range of 0.3 to 0.5, this implies that the user data rate which could be supported by this physical channel data rate is in the range of  270-500kbps for 3.84Mcps TDD and double this for 7.68Mcps.  

Considering now the transport channel related parameter “Maximum number of bits of all transport blocks being received at an arbitrary time instant for S-CCPCHs carrying MTCH (and MCCH/MSCH)” is 65472, this would correspond to a possible transport channel data rate of at least 545kbps for 3.84Mcps TDD and 1.05Mbps for 7.68Mcps TDD. Thus the restrictions on the physical channel bits that can be received in any 10ms interval appears to be the limitng factor on the MBSFN TDD achievable data rate. When comparing this with the release 6 TDD MBMS capability, we note that  a release 6 TDD 3.84Mcps UE should have the capability to receive 13,248 bits in a 10ms interval for MBMS, and 26,496 bits for a 7.68Mcps UE.

Similarly, there is a parameter “Maximum number of timeslots per frame” which is introduced for MBSFN TDD UE capabilities with the value 3 proposed. This may create some restriction on the capability to receive multiple MBMS services in parallel.
We would therefore be interested in gaining further understanding of the analysis assumptions underlying the MBSFN TDD UE capabilities in [1], to allow a more complete review and understanding of this important aspect of MBSFN TDD.
5 Conclusions

In this paper some initial proposals and thoughts on suitable FDD MBSFN UE capabilities are presented, and we would welcome further feedback on whether the assumptions made are suitable for the deployments and applications envisaged for MBSFN. 
Additionally, we have provided some brief review of the TDD MBSFN UE capabilties, and would welcome insight into the reasoning behind some of the values chosen for UE capabilities in [2] so as to gain further understanding of any limitations that are created by the capabilites, and to allow verification that any such limitations (such as the maximum number of physical channel bits which can be received in any 10ms interval) are appropriate for the likely applications of MBSFN.
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