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1. Introduction

This paper is to provide the calculation background of the numbers that appear in the Change Request against TS25.306 with respect to UE capabilities for LCR TDD MBSFN for the WI “MBMS LCR TDD physical layer enhancements” created at RAN#35. The same document has been submitted to RAN WG1 for discussion and decision.
There is a simulation report which can clearly justify the enhancement of spectral efficiency for LCR TDD when operating in MBSFN mode with comparison to the traditional mode in Release 6 for MBMS services delivery. 
Commercial-grade mobile TV services typically require of the order of 256kbps per channel.  However, some services may require higher rates (e.g. 384kbps).  It is ideally to accommodate these services with one MBSFN time slots within the sub-frame structure. There might be possible for only one MBSFN time slot to carry much more Mobile TV channel of lower service rate in the deployment where the radio condition is allowable.
In this paper we base the minimum UE capability parameters on support for 384kbps with an 40ms TTI (for 1.28 Mcps).  Furthermore, there is a specific requirement to support an SFN MCCH FACH on a separate timeslot (MBSFN control timeslot in the optimized sub-frame structure) to the MTCH timeslots. This MCCH FACH is assumed to support a data rate of about 7.6kbps according to TR25.993 and occupies a separate CCTrCH.  

Section 2 outlines the proposed capabilities and detailed derivations are provided in section 3.
2. Proposed UE capabilities for LCR TDD MBSFN
For 1.28 Mcps TDD, a MBSFN (MBMS over a Single Frequency Network) capable UE should support the minimum capabilities defined in Table 1. The table refer to the CCTrCHs carrying the MBSFN FACH (typically one CCTrCH carrying MTCH and another carrying MCCH in separate timeslot). 
Table 1: MBSFN Capabilities (1.28 Mcps TDD)
	Combination of UE Radio Access capability parameters in DL for MBMS
	total

	Maximum number of bits of all transport blocks being received at an arbitrary time instant for S-CCPCH carrying MTCH (and MCCH/MSCH)
	16448

	Maximum number of bits before de-rate matching being received at an arbitrary time instant for S-CCPCH which carries MTCH (and MCCH/MSCH)
	23232

	Maximum number of physical channel bits received in any 10ms interval
	5808

	Maximum number of simultaneous transport channels per S-CCPCH carrying MTCH (and MCCH/MSCH)
	1

	Maximum total number of transport blocks received within TTIs that end at the same time
	49

	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
	17

	Maximum number of timeslots per frame
	2


NOTE:
In the above table, the S-CCPCH refers to the CCTrCH carrying FACH. Only turbo coding is supported.
3. Calculation of UE capabilities
The calculation of the UE capability parameters for MBSFN FACH is described below, which refers to the same approach as R2-071500 for HCR TDD. 

3.1 UE capability based on MTCH

Target throughput

To support 384kbps the throughput required between code block segmentation and Turbo decoding may be significantly greater than 384kbps.  

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 384kbps. With the assumption that each MAC-d PDU have a 16 bit CRC and that MAC PDU is 320 bits, the following values are obtained for the above types of decoded bit:

· transport block bits: 3840 ( 4 = 15360 bits

· CRC bits:15360 / 320 ( 16  = 768 bits 
· padding bits from code block segmentation = 0 (15360 + 768 = 16128 bits are segmented into 4 blocks of 4032 bits with 0 filler bits: 4032( 4 - 16128 = 0 bits)

For the transmission of MCCH, 320 bits are needed (7.6kbps( 40ms + 16 (CRC) = 320 bits)
Hence the value for this parameter (the total number of Turbo decoded bits) is about 15360 + 768 + 0 +320= 16448 bits at 1.28Mcps.

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
· normal traffic timeslot for MBSFN
· 40ms TTI
The number of physical channel bits for the 16QAM allocation is:

(704 + 704) ( 4 = 5632
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 5632 ( 4 = 22528.

Maximum number of physical channel bits received in any 10ms interval
This parameter is based on the parameter above. For a 1 timeslot 16QAM allocation, the number of physical channel bits that can be received in a 10ms time interval is 5632bits.
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.

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 1. 

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 = 384kbps

· 40ms TTI

The parameter then takes on the value of 3840 / 320  4 = 48.
Maximum number of TFC per S-CCPCH carrying MTCH (and MCCH / MSCH)
The MBSFN FACH operates with 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 is 16 since only one timeslot is assumed in this calculation.

Maximum number of timeslots per frame

In order to minimise UE complexity, the maximum number of timeslots per frame is one timeslot.

3.2 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.
According to TR25.993 the maximum data rate for MCCH is about 7.6kbp. 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 the MBSFN control time slot which is optimized for MBSFN transmission within the sub-frame structure. 
The additional requirements for support of MCCH are shown in Table 2.  Note that these capabilities are applicable only for 1.28 Mcps.

Table 2 - Requirements for support of MBSFN MCCH for 1.28Mcps 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
	320
	76 bits per timeslot over an 40ms TTI with a 16 bit CRC = 4 ( 76 + 16

	Maximum number of bits before de-rate matching being received at an arbitrary time instant for S-CCPCH which carries MCCH 
	704
	1 SF16 PhyCH over 40ms TTI = 4 ( 2816/16  

	Maximum number of physical channel bits received in any 10ms interval
	176
	1 SF16 PhyCH
352(2(2(2/16 =176

	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
	1
	1 transport blocks of size less than 320 bits (i.e. 288 bits) fit into 4 ( 76 bits
7.6/320(40≈1

	Maximum number of TFC per S-CCPCH carrying MCCH
	32
	It is assumed that there exists TFCI on MCCH. Not additional to the MTCH 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 3 for 1.28 Mcps TDD One column of these tables shows whether the MCCH capability is additional to the MTCH capability or not.

Table 3 - MBMS capabilities for MBSFN operation (1.28Mcps 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)
	16128
	320
	yes
	16448

	Maximum number of bits before de-rate matching being received at an arbitrary time instant for S-CCPCH which carries MTCH (and MCCH/MSCH)
	22528
	704
	yes
	23232

	Maximum number of physical channel bits received in any 10ms interval
	5632
	176
	yes
	5808

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

	Maximum total number of transport blocks received within TTIs that end at the same time
	48
	1
	yes
	49

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

	Maximum number of physical channels per timeslot
	16
	1
	no
	16

	Maximum number of physical channels per frame
	16
	1
	yes
	17

	Maximum number of timeslots per frame
	1
	1
	yes
	2


4. Conclusion

It is proposed to discuss the rational to calculate the UE capabilities for LCR TDD MBSFN in section 3 and agree the corresponding proposal in the section 2 and the change request against TS25.306 provided that they are acceptable.











































































