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1 Introduction

This document discusses the UE capability requirements for support of MBMS in LCR-TDD mode. The document proposes that the minimum MBMS UE capability is defined to support a data rate of up to 128 kbps with 3 radio links and a 80ms TTI when maximum ratio combining is applied. When CRC-based selection combining is applied, this UE capability will allow an MBMS data rate of 64kbps to be supported using an 80ms TTI with 1 or 2 radio links and by using a 40ms TTI with 3 radio links.
2 Complexity Analysis 

In [4], [5], complexity analyses of FDD MBMS UEs were performed. In [8], a complexity analysis for HCR-TDD UEs was performed. In this document a complexity analysis for an LCR-TDD MBMS UE is performed. Complexities of 32kbps, 64kbps and 128 kbps MBMS UEs are investigated assuming both maximum ratio combining and CRC-based selection combining [1,6].

The parameters used in this complexity analysis are summarized in Table 1.

Table 1 - Parameters used in complexity analysis
	parameter
	value

	transport block size
	320 bits

	Number of bits per code
	88 (Slot Format Number 0, No TFCI bits [25.221])

	number of CRC bits
	16 bits

	other channels 
	PCH (defined in 34.108 [2])


The number of codes that are required to support an MBMS service at 32kbps, 64kbps and 128 kbps are given in Table 2 (note that the Node B transmit power may vary with the data rate of the MBMS service, note also that the codes used for the MBMS service need not necessarily occur in the same timeslot). 

  Table 2 – Resource required 
	MBMS data rate
	Number of codes

	32 kbps
	6

	64 kbps
	11

	128 kbps
	16


2.1 Complexity for Maximum Ratio Combining 

The UE architecture that is considered for the analysis of maximum ratio combining complexity is shown in Figure 1 [6]. The UE architecture shown in this figure maybe be used for maximum ratio combining of MBMS transmissions from multiple cells.
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Figure 1 - UE  architecture for maximum ratio combining

The frame buffer size, Turbo decoded data size and TTI buffer size for the MBMS service are given by:
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where the values of Table 3 are applicable in equations (1) – (3):

Table 3 - Values applicable in equations (1) - (3)

	parameter
	value
	comment
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	6 / 11 / 16
	for 32 /64 /128 kbps service respectively
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	labelled N in Figure 1
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	0 TFCI bits

	n subframe/TTI
	8 /16
	for 40 / 80ms TTI respectively

	n bits/subframe
	168 / 336 / 672

	for 32 / 64 /128 kbps service respectively (320 data bits + 16 CRC bits per block)
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	688
	bits required to support PCH defined in 34.108 [2].


UE complexities based on equations (1) – (3) and the parameters detailed in Table 3 are given in Table 4.

Table 4 - UE complexity to decode 32 / 64 kbps MBMS bearers

	channel
	TTI
	Subframe buffer size (5ms)
	TTI buffer size
	Turbo decoded data size per TTI
	Minimum UE class
	HS-DSCH category

	PCH  24kbps
	20
	172
	688
	-
	12 kbps
	

	MBMS 32kbps
	
	
	
	
	
	

	1 MTCH + PCH
	80
	528
	9136
	2688
	64 kbps
	1

	2 MTCH + PCH
	80
	1056
	9136
	2688
	64 kbps
	1

	3 MTCH + PCH
	40
	1584
	4912
	1344
	128 kbps
	1

	3 MTCH + PCH
	80
	1584
	9136
	2688
	128 kbps
	1

	MBMS 64kbps
	
	
	
	
	
	

	1 MTCH + PCH
	80
	968
	16176
	5376
	384 kbps
	1

	2 MTCH + PCH
	80
	1936
	16176
	5376
	384 kbps
	1

	3 MTCH + PCH
	40
	2904
	8432
	2688
	384 kbps
	1

	3 MTCH + PCH
	80
	2904
	16176
	5376
	384 kbps
	1

	MBMS 128 kbps
	
	
	
	
	
	

	1 MTCH + PCH
	80
	1408
	23216
	10752
	2048 kbps (1)
	13(2)

	2 MTCH + PCH
	80
	2816
	23216
	10752
	2048 kbps (1)
	13(2)

	3 MTCH + PCH
	40
	4224
	11952
	5376
	768 kbps
	1

	3 MTCH + PCH
	80
	4224
	23216
	10752
	2048 kbps (1)
	13(2)


Notes:

(1) The Turbo decoded data size per TTI is only slightly greater than the Release 5 UE capability for a 768kbps class UE (MBMS requires 10752 bits, Release 5 capability is 10240 bits).

(2) The Turbo decoded data size per TTI is only slightly greater than the Release 5 UE capability for a HS-DSCH category 7 (MBMS requires 10752 bits, Release 5 category 7 capability is 10204 bits).

It is apparent from a comparison of Table 4 with Table 6 and Table 7 that the Turbo decoding capability of the MBMS UE is the most stringent requirement. However, note that the speed of the Turbo decoder may be reduced at the expense of an increase in TTI buffer memory.

2.2 Complexity for CRC-based selection combining

Under certain circumstances [7], selection combining is applied at the UE. In this section, the rates that can be supported by MBMS UEs using CRC-based selection combining are analysed.

The UE architecture that is assumed in this analysis is shown in Figure 2.
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Figure 2 - UE architecture for CRC-based selection combining

The frame buffer size, Turbo decoded data size and TTI buffer size required to decode an MBMS service by CRC-based selection combining are given by:
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	Turbo decoded data size = n subframe/TTI ( n bits/subframe ( n RL
	(5)

	TTI buffer size = n codes ( n bis/code( n subframe/TTI ( n RL + n bits/PCH
	(6)


The values of Table 3 are applicable in equations (4) – (6). The UE complexities required to decode 32, 64 and 128 kbps MBMS bearers via CRC-based selection combining are given in Table 5. The table highlights parameters that exceed the capabilities of a UE that support 128 kbps MBMS service by maximum ratio combining (as proposed in section 3)

The UE capability required to support a 128 kbps MBMS bearer by maximum ratio combining (as proposed in section 3) allows for the following MBMS bearers to be supported when CRC-based selection combining is applied:

·   MBMS (radio bearer) bit rate 32 kbps with number of RL n: 

· 1 RL with max 80ms TTI

· 2 RL with max 80ms TTI

· 3 RL with max 40ms TTI

· 3 RL with max 80ms TTI

·   MBMS (radio bearer) bit rate 64 kbps with number of RL n: 

· 1 RL with max 80ms TTI

· 2 RL with max 80ms TTI

· 3 RL with max 80ms TTI

· additionally a single radio link 128kbps bearer can be supported with an 80ms TTI
 

Table 5 - UE complexity to decode 64 / 128 / 256 kbps MBMS bearers with selection combining

	channel
	TTI
	Subframe buffer size (5ms)
	TTI buffer size
	Turbo decoded data size per TTI
	Minimum UE class
	HS-DSCH category

	PCH  24kbps
	20
	172
	688
	-
	32 kbps
	

	MBMS 32kbps
	
	
	
	
	
	

	1 MTCH + PCH
	80
	528
	9136
	2688
	64 kbps
	1

	2 MTCH + PCH
	80
	1056
	17584
	5376
	384 kbps
	1

	3 MTCH + PCH
	40
	1584
	13360
	4032
	384 kbps
	1

	3 MTCH + PCH
	80
	1584
	26032
	8064
	768 kbps
	7

	MBMS 64kbps
	
	
	
	
	
	

	1 MTCH + PCH
	80
	968
	16176
	5376
	384 kbps
	1

	2 MTCH + PCH
	80
	1936
	31664
	10752
	2048 kbps(1)
	13(2)

	3 MTCH + PCH
	40
	2904
	23920
	8064
	768 kbps
	7

	3 MTCH + PCH
	80
	2904
	47152
	16128
	2048 kbps
	--

	MBMS 128 kbps
	
	
	
	
	
	

	1 MTCH + PCH
	80
	1408
	23216
	10752
	2048 kbps(1)
	13(2)

	2 MTCH + PCH
	80
	2816
	45744
	21504
	--
	--

	3 MTCH + PCH
	40
	4224
	34480
	16128
	2048 kbps
	--

	3 MTCH + PCH
	80
	4224
	68272
	32256
	--
	--


Notes:

(1)
The Turbo decoded data size per TTI is only slightly greater than the Release 5 UE capability for a 768kbps class UE (MBMS requires 10752 bits, Release 5 capability is 10240 bits).

(2)
The Turbo decoded data size per TTI is only slightly greater than the Release 5 UE capability for a HS-DSCH category 7 (MBMS requires 10752 bits, Release 5 category 7 capability is 10204 bits).

3 Proposed LCR-TDD MBMS UE Capability

The analysis of section 2 shows that it is feasible to design an LCR-TDD UE that can support a data rate of up to 128 kbps with 3 radio links and a 80ms TTI when maximum ratio combining is applied. When CRC-based selection combining is applied, this UE capability will allow an MBMS data rate of 64kbps to be supported using an 80ms TTI with 1 or 2 radio links and by using a 40ms TTI with 3 radio links. The complexity of such a UE is close to the UE capability for a Release 5 768kbps class UE and category 7 HSDPA UE. It is thus proposed that the UE capability for an LCR-TDD UE is defined to support:

· Minimum UE capability for a MBMS capable UE
· P-CCPCH + any of

· (1+n) S-CCPCH (1 dedicated + n MBMS)

· PICH + MICH

· PICH + n S-CCPCH
· MICH + 1 S-CCPCH

· Number of RL n: 

· 1 RL with 80ms TTI
(128 kbps service)

· 2 RL with 80ms TTI
(128 kbps service supported with MRC, 64kbps with selection combining)

· 3 RL with 40 ms TTI
(128kbps service supported with MRC, 64kbps with selection combining)

· 3 RL with 80 ms TTI
(128kbps service supported with MRC, 32kbps with selection combining)

The proposed UE capability is based on parameters required to support maximum ratio combining, but also allows for support of selection combining (naturally at a lower MBMS service rate).

It is proposed that the MBMS UE capability is defined in terms of the following parameters:

· Turbo decoded data size per TTI (10752 bits for LCR TDD)

· TTI buffer size (31664 bits for LCR TDD)

· subframe buffer size (4224 bits for LCR TDD)

· capability to decode all physical channels in a timeslot

· support for decoding up to 3 synchronised radio links on separate timeslots


· 
· 
· 
The proposed MBMS UE capability supports an MBMS data rate of 128kbps allowing for attractive MBMS services to be delivered cost effectively
. 
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A 
Annex A: Comparison to Release 5- UE capabilities

In this annex, the UE capability parameters to support MBMS services are compared to UE capability parameters of Release 5 and HSDPA UEs.

A.1
Comparison to Release 5 Capabilities

The definitions for Release 5 UE capabilities are detailed in [3]. In the current document, it is assumed that the MBMS “subframe buffer size (5ms)” is equivalent to the Release 5 UE capability “maximum number of physical channels per subframe” (after allowance is made for the maximum number of bits per Release 5 physical channel). It is assumed that the MBMS “Turbo decoded data size per TTI” is equivalent to the Release 5 UE capability “Maximum sum of number of bits of all transport blocks being received at an arbitrary time instant”. The MBMS “TTI buffer size” is assumed to be equivalent to the Release 5 UE capability 6.6 * “Maximum sum of number of bits of all transport blocks being received at an arbitrary time instant”. In this annex, the MBMS “TTI buffer size” is also compared to the product of “physical channel capability” and “TTI length”.

The Release 5 UE capability “maximum number of physical channels per timeslot” is not considered in this analysis: it is assumed that a UE is capable of decoding all physical channels in a timeslot (this is required in order to support 64kbps and 128kbps MBMS services in a single timeslot).

The equivalent Release 5 UE capabilities are given in Table 6.

Table 6 - Equivalent Release 5 UE capabilities from TS25.306

	UE capability class
	Subframe buffer size (5ms)
	TTI buffer size 

(6.6 rule)
	TTI buffer size (TTI=80ms)

(phych capability)
	Turbo decoded data size per TTI

	12 kbps
	440
	8448
	7040
	1280

	32 kbps
	704
	8448
	11264
	1280

	64 kbps
	1056
	25344
	16896
	3840

	128 kbps
	1584
	25344
	25344
	3840

	384 kbps
	3784
	42240
	60544
	6400

	768 kbps
	6776
	67584
	108416
	10240

	2048 kbps
	6776
	135168
	108416
	20480


A.2
Comparison to HSDPA Capabilities

The definitions of HS-DSCH category from 25.306 [3] are given in Table 7. It is assumed that the MBMS “TTI buffer size” is equivalent to the HS-DSCH capability “Total number of soft channel bits” and that the MBMS “Turbo decoded data size per TTI” is equivalent to the HS-DSCH capability “Maximum number of HS-DSCH transport channel bits that can be received within an HS-DSCH TTI”. The equivalent of the MBMS “frame buffer size” is considered to be equivalent to the maximum number of physical channel bits that can be received in an HS-DSCH TTI (this is at least 12 * 176 * 5 = 10560 assuming 16 QAM and a category 1 HSDPA UE).

Table 7 – 1.28 Mcps TDD HS-DSCH physical layer categories
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� subject to channel conditions and the amount of physical resource assigned to the MBMS service.





�I’ve made the elements of this table MS Equation objects. This was what they were originally until some MS Word crash converted them to pictures.


�I think these numbers are correct: they seem to be the numbers that are used in table 4.


�I need to get back to you on this one, but I think this should be CCTrCH os S-SCCPCH type. This needs changing in my 702 document too.


�I think that the deleted text is no longer relevant. This argument has been gone through in 3GPP already and we don’t need to bring it up again.


�I think this number should be 88*2. 88 is the number of QPSK bits in a code, 88 * 2 is the number of 16QAM bits in a code. From 25.221 table 8A, there area 22 symbols per data field @ SF16, hence 44 symbols per burst @ SF16, hence 44/4 = 176 bits / code @SF16 (which agrees with 88*2 = 176).


�the numbers in the right hand column need sorting out I think. They should be based on 12 * 176 * 5 or 16 * 176 * 5 depending on whether the UE category supports 12 or 16 codes.
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