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1 Introduction

Proposals for UE capabilities for MBSFN were submitted in [1], [2].  This document provides some background on the proposal and on how the various contributing numbers were derived for the CR to 25.306.  The same document has been submitted to RAN WG1 for discussion.
Simulations in [3] report spectral efficiencies of up to 590kbps per timeslot (LTE case 1 deployment scenario).  For TDD MBMS, it is advantageous in terms of UE battery life to assign MTCH channels to as small a number of timeslots per radio frame as possible as this enables significant savings from UE DRX.  Note that this does not compromise performance due to the typical use of long inter-frame interleaving lengths.
Commercial-grade mobile TV services typically require of the order of 256kbps per channel.  However, premium services sometimes require higher rates (e.g. 512kbps).  For the high-capacity deployment scenario mentioned above, this would facilitate deployment of two normal-quality or a single premium-quality TV channel within each MBSFN timeslot of the radio frame.  For lower capacity deployments (e.g. with larger inter-site distances or higher penetration losses), reception over more than 1 slot may be needed depending on the service rate.
For release 6 the minimum UE capability is to support 256kbps using timeslot-reuse macro diversity combining.  For typical deployment scenarios this requires that the UE receives information from each of 3 radio link sets on a respective 3 timeslots per frame.  It should be noted that for MBSFN, the front-end (i.e. slot and frame-rate) processing complexity may be reduced compared to Rel-6 for the same information data rate.  This is because the spectral efficiency improvements offered by SFN enable the same (and higher) data rates to be delivered using fewer (usually only a single-) timeslots per frame.  This can reduce CCTrCH buffering requirements and means that the MMSE receiver processing may be run less frequently compared to Rel-6.
In this document we base the minimum UE capability parameters on support for 512kbps with an 80ms TTI (for 3.84Mcps).  Furthermore, there is a specific requirement to support an SFN MCCH FACH on a separate timeslot to the MTCH timeslots. This MCCH FACH is assumed to support a data rate of about 8kbps and occupies a separate CCTrCH.  The MCCH FACH could exist on its own timeslot or could be code multiplexed on the same timeslot as e.g. the beacon timeslot.
Section 2 outlines the proposed capabilities and detailed derivations are provided in section 3.
2 Proposed MBSFN UE capability

The proposed UE capabilities for 3.84Mcps and 7.68Mcps TDD are shown in Table 1 and Table 2 respectively.  The derivation of these values is given in section 3.  The tables refer to the CCTrCHs carrying the MBSFN FACH (typically one CCTrCH carrying MTCH and another carrying MCCH in a separate timeslot, see later). The UE is also required to decode BCH.  The BCH capability is beyond the scope of this document.

For 7.68Mcps, twice the data rate of 3.84Mcps is supported.  This is compatible with the UE capability for transport channel combining in Release 6 (support of double the data rate was adopted in Release 6 due to a limitation on the number of MICH that can be signaled at 7.68Mcps). Note that the number of timeslots supported at 7.68Mcps is the same as at 3.84Mcps (but the number of physical channels supported is greater - SF32 is applied at 7.68Mcps).

Note that the proposed UE capabilities in this section are for the MTCH and MCCH: they are taken from section 3.3.

Table 1 - MBMS capabilities for MBSFN operation (3.84Mcps 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)
	69696

	Maximum number of physical channel bits received in any 10ms interval
	8712

	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


Table 2 - MBMS capabilities for MBSFN operation (7.68Mcps 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)
	137280

	Maximum number of physical channel bits received in any 10ms interval
	17160

	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


3 Rationale for proposed MBSFN UE Capability

3.1 MTCH capability

The locations in the transport channel processing chain at which some of the more esoteric parameters in Table 1 and Table 2 are defined are shown in Figure 1. Note that the physical locations of the TTI and frame buffers can vary depending on implementation.

The MBSFN UE capability defined in this section is for the MTCH.  The additional requirements for support of MCCH are defined in section 3.2.
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Figure 1 - location of UE capability parameters in transport channel processing chain

The derivation of the UE capability parameters for MBSFN FACH is described below. This derivation is for 3.84Mcps TDD. Appropriate doubling of parameters can be applied for 7.68Mcps TDD.

Target throughput

To support 512 kbps either very large transport block sizes could be used (in this case the throughput required between code block segmentation and Turbo decoding is not much greater than 512kbps), or one could transmit more smaller “standard” (e.g. 320 bit) PDUs.  In this case, the throughput required between code block segmentation and Turbo decoding may be significantly greater than 512kbps.  Given that the latter is the more demanding case, it make sense to use this for parameterisation.
Maximum number of bits of all transport blocks being received at an arbitrary time instant for S-CCPCH carrying MTCH (and MCCH/MSCH)

This parameter is the number of bits at the output of the Turbo decoder.  The decoded bits that contribute to this parameter are of three types:

· transport block bits (MAC PDUs)

· CRC bits

· padding bits from the code block segmentation operation

The target throughput is 512kbps. Following the assumption of small (320 bit) MAC PDUs, and each MAC-d PDU having a 16 bit CRC, the following values are obtained for the above types of decoded bit:

· transport block bits: 5120 ( 8 = 40960 bits

· CRC bits: 40960 / 320 ( 16 = 128 ( 16 = 2048 bits

· padding bits from code block segmentation = 3 (40960 + 2048 = 43008 bits are segmented into 9 blocks of 4779 bits with 3 filler bits: 4779 ( 9 - 43008 = 3 bits)

Hence the value for this parameter (the total number of Turbo decoded bits) is equal to 40960 + 2048 + 3 = 43011 bits at 3.84Mcps.

At 7.68Mcps, we assume that the target throughput is doubled to 1024kbps and that 640 bit MAC PDUs are used (it seems reasonable to adopt larger transport block sizes at the higher chip rate). In this case, the following values are obtained:

· transport block size: 10240 ( 8 = 81920 bits

· CRC bits: 81920 / 640 ( 16 = 2048 bits

· padding bits from code block segmentation = 12 (81920 + 2048 = 83968 bits are segmented into 17 blocks of 4940 bits with 12 filler bits: 4940 ( 17 - 83968 = 12 bits)

Hence the value for this parameter (the total number of Turbo decoded bits) is equal to 81920 + 2048 + 12 = 83980 bits at 7.68Mcps.

Maximum number of bits before de-rate matching being received at an arbitrary time instant for S-CCPCH which carries MTCH (and MCCH/MSCH)
This parameter is essentially the number of physical bits that are de-rate-matched summed across all the frames of the TTI. In calculating this parameter, the following assumptions are used:

· the UE must support a maximum physical allocation of:

· 16 codes, 1 timeslot, 16QAM; or

· 32 codes, 2 timeslots, QPSK

· burst type 4

· 80ms TTI

The timeslot structure for burst type 4 (see [4]) is shown in Figure 2.
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Figure 2 - Timeslot structure for burst type 4

The number of physical channel bits for the 16QAM allocation is:

(1056 + 1056) ( 4 = 8448

The number of physical channel bits for the QPSK allocation is (2 timeslot allocation):

(1056 + 1056) ( 2 ( 2 = 8448

The maximum number of bits before de-rate-matching is calculated as the total number of physical channel bits over the whole TTI. Hence the value for this parameter is 8448 ( 8 = 67584.

Maximum number of physical channel bits received in any 10ms interval
This parameter is based on the parameter above. For either a 1 timeslot 16QAM allocation or a 2 timeslot QPSK allocation, the number of physical channel bits that can be received in a 10ms time interval is 8448 bits.
Note that the number of physical channel bits received can be applied across various numbers of timeslots and codes. For example, the 16QAM allocation can be 16 codes in a single timeslot, 8 codes in 2 timeslots, 12 codes in one timeslot and 4 codes in a second timeslot etc.

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

This parameter is the maximum number of transport channels that are supported per CCTrCH.  The value chosen in the UE capability is 4.  This number is also the maximum number supported by FDD Rel-6 for selection combining.
Maximum total number of transport blocks received within TTIs that end at the same time
This parameter helps to dimension the throughput of the CRC decoding circuit and is based on the following parameters:

· Minimum transport block size = 320 bits (+ 16 bit CRC)

· Maximum throughput = 512kbps

· 80ms TTI

The parameter then takes on the value of 5120 / 320  8 = 128 (or equivalently 10240/6408 for 7.68Mcps).
Maximum number of TFC per S-CCPCH carrying MTCH (and MCCH / MSCH)
The MBSFN FACH operates with either a 0 bit or 16 bit TFCI code word. The 16 bit TFCI code word is generated with a (16,5) TFCI encoder. This suggests that the maximum number of TFCs that can be supported should be 2 ^ 5 = 32.
Maximum number of physical channels per timeslot
In order to achieve the required peak data rates, the UE must be able to decode all the physical channels in a timeslot. Hence the maximum number of physical channels per timeslot is 16.

Maximum number of physical channels per frame
The maximum number of physical channels per frame occurs for QPSK allocation over 2 timeslots. In this case, the maximum number of physical channels per frame is 2 ( 16 = 32.

Maximum number of timeslots per frame
In order to minimise UE complexity, the maximum number of timeslots per frame is based on the QPSK 2 timeslot allocation and this parameter thus takes on the value of 2 timeslots.

3.2 Additional requirements to support MCCH

The UE capability discussed in previous sections is for the MTCH only.  It is envisaged that there will be a single MCCH in the frame that needs to be decoded by all UEs (there will not be a separate MCCH per timeslot) - this single MCCH mode operation is a facet of the higher layer specification of MBMS.  The requirements for decoding an SFN BCH are beyond the scope of this document.
The test bearer for the MCCH in 3GPPTS 25.102 v7.5.0 section 10.1.1.1 has a data rate of 7.2kbps. This data rate for MCCH is considered to be sufficient for MBSFN operation.

It is assumed that the MCCH will be supported on a separate CCTrCH (this reduces UE complexity compared to transport channel multiplexing) in a single SF16 burst type 4 code at a coderate of 1/3 with QPSK. This single code MCCH can support a data rate of 8.8kbps using 1/3 rate coding and QPSK and is hence sufficiently dimensioned to support a data rate of at least 7.2kbps.

The worst case physical resource requirements (i.e. the greatest number of physical channels that the UE is meant to decode) for support of MBSFN are shown in Figure 3.  This allocation is considered to be worst case since there are UE architectures where decoding consecutive timeslots is more costly than decoding separated timeslots (whereas it is possible to separate the MTCH timeslots [as shown], there will be some services carried on MTCH that are necessarily next to the MCCH or beacon timeslot).
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Figure 3 - worst case physical resource requirements for support of MBSFN

The additional requirements for support of MCCH in a separate timeslot for MCCH are shown in Table 3.  Note that these capabilities are applicable for 3.84Mcps and 7.68Mcps, though the table is written with 3.84Mcps TDD in mind (for example SF16 codes are considered).

Table 3 - additional requirements for support of MBSFN MCCH for 3.84Mcps and 7.68Mcps TDD

	Combination of UE Radio Access capability parameters in DL for MBMS
	value
	comment

	Maximum number of bits of all transport blocks being received at an arbitrary time instant for S-CCPCH carrying MCCH
	592
	72 bits per timeslot over an 80ms TTI with a 16 bit CRC = 8 ( 72 + 16

	Maximum number of bits before de-rate matching being received at an arbitrary time instant for S-CCPCH which carries MCCH 
	2112
	1 SF16 burst type 4 PhyCH over 80ms TTI = 8 ( 264 = 2112

	Maximum number of physical channel bits received in any 10ms interval
	264
	1 SF16 burst type 4 PhyCH

	Maximum number of simultaneous transport channels per S-CCPCH carrying MCCH (and MCCH/MSCH)
	1
	This will not be additional to the MTCH capability

	Maximum total number of transport blocks received within TTIs that end at the same time
	2
	Two transport blocks of size less than 320 bits (i.e. 288 bits) fit into 8 ( 72 bits

	Maximum number of TFC per S-CCPCH carrying MCCH
	1
	It is assumed that there is no TFCI on MCCH. Not additional to the MTCH capability. If more than one TFC is desired, then as long as there are fewer than 32 TFCs, this will not affect UE capability

	Maximum number of physical channels per timeslot
	1
	Not additional to MTCH capability

	Maximum number of physical channels per frame
	1
	additional to MTCH capability

	Maximum number of timeslots per frame
	1
	additional to MTCH capability


3.3 Total Overall MBSFN capability

The total capability for MTCH and MCCH is shown in Table 4 for 3.84Mcps and Table 5 for 7.68Mcps. One column of these tables shows whether the MCCH capability is additional to the MTCH capability or not.

Table 4 - MBMS capabilities for MBSFN operation (3.84Mcps TDD)

	Combination of UE Radio Access capability parameters in DL for MBMS
	MTCH
	MCCH
	additional?
	total

	Maximum number of bits of all transport blocks being received at an arbitrary time instant for S-CCPCH carrying MTCH (and MCCH/MSCH)
	43011
	592
	yes
	43603

	Maximum number of bits before de-rate matching being received at an arbitrary time instant for S-CCPCH which carries MTCH (and MCCH/MSCH)
	67584
	2112
	yes
	69696

	Maximum number of physical channel bits received in any 10ms interval
	8448
	264
	yes
	8712

	Maximum number of simultaneous transport channels per S-CCPCH carrying MTCH (and MCCH/MSCH)
	4
	1
	no
	4

	Maximum total number of transport blocks received within TTIs that end at the same time
	128
	2
	yes
	130

	Maximum number of TFC per S-CCPCH carrying MTCH (and MCCH / MSCH)
	32
	1
	no
	32

	Maximum number of physical channels per timeslot
	16
	1
	no
	16

	Maximum number of physical channels per frame
	32
	1
	yes
	33

	Maximum number of timeslots per frame
	2
	1
	yes
	3


Table 5 - MBMS capabilities for MBSFN operation (7.68Mcps TDD)

	Combination of UE Radio Access capability parameters in DL for MBMS
	MTCH
	MCCH
	additional?
	total

	Maximum number of bits of all transport blocks being received at an arbitrary time instant for S-CCPCH carrying MTCH (and MCCH/MSCH)
	83980
	592
	yes
	84572

	Maximum number of bits before de-rate matching being received at an arbitrary time instant for S-CCPCH which carries MTCH (and MCCH/MSCH)
	135168
	2112
	yes
	137280

	Maximum number of physical channel bits received in any 10ms interval
	16896
	264
	yes
	17160

	Maximum number of simultaneous transport channels per S-CCPCH carrying MTCH (and MCCH/MSCH)
	4
	1
	no
	4

	Maximum total number of transport blocks received within TTIs that end at the same time
	128
	2
	yes
	130

	Maximum number of TFC per S-CCPCH carrying MTCH (and MCCH / MSCH)
	32
	1
	no
	32

	Maximum number of physical channels per timeslot
	32
	1
	no
	32

	Maximum number of physical channels per frame
	64
	1
	yes
	65

	Maximum number of timeslots per frame
	2
	1
	yes
	3


4 Conclusion

This document provides a background to the parameters suggested for the proposed TDD MBSFN minimum UE capabilities in [5].
5 References

[1]
R2-070040 “MBMS TDD Physical Layer Improvements”, IPWireless, RAN WG2#56bis, Sorrento, Italy, 15-19 January 2007

[2]
R2-070684, 25.306 Draft CR “MBMS FDD and TDD Physical Layer Improvements”, IPWireless, LG electronics Inc, IPMobile, UTStarcom, RAN WG2#57, St.Louis, USA, 12-16 February 2007

[3]
TR 25.905 “Improvements of the Multimedia broadcast Multcast Service (MBMS) in UTRAN” v7.0.0

[4]
R1-071729, 25.221 CR0140 rev 1 (Rel-7,B) ”Support for MBSFN operation”, IPWireless, Orange, Vodafone
[5]
R2-071336, 25.306 draft CR “MBMS FDD and TDD Physical Layer Improvements”, IPWireless, LG electronics Inc, IPMobile, UTStarcom
code block de-segmentation





Turbo decoding





1st de-interleaving





De-rate matching





TrCH de-multiplexing





De-interleaving





TTI buffer





frame buffer





Physical channel de-mapping





De-rate matching





CRC calculation





code block de-segmentation





Turbo decoding





1st de-interleaving





TTI buffer





CRC calculation





TrCH#1





TrCH#2





TrCH#n





maximum sum of number of bits of all transport blocks received at an arbitrary time instant.


Note: measured at end of 80ms TTI





maximum sum of number of bits before de-rate matching being received at an arbitrary time instant.


Note: measured at end of 80ms TTI, summed across all frames in TTI





maximum number of physical channel bits received in any 10ms interval.


Note: measured at end frame, summed across all codes and slots in MBMS stream





maximum number of simultaneous transport channels per S-CCPCH





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


Note: measured at end of 80ms TTI, refers to TrBlks, not bits





maximum number of physical channels per frame.


Note: can be variable number of codes, slots e.g. 5 codes, 4 slots; 10 codes, 2 slots





1056 chips





1056 chips





128 chips





192 chips





128 chips





data payload





data payload





training sequence





cyclic prefix





guard period





10ms frame





BCH (not part of MBSFN UE capability)





MTCH code multiplexed with MCCH (not decoded as part of the MBSFN capability)





2 timeslot MTCH (512 kbps) 





7.2kbps MCCH 








[image: image4.bmp][image: image5.bmp]