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1. Summary and recommendations

This paper discusses UE capability based on soft and selection combining architectures discussed in [
,
,
], including optional support of a 32kpbs DCH.  The approach and the values are based on those of [
]. A new parameter “Maximum number of physical channel bits being received at an arbitrary time instant” is used in order to capture the effect of delay when soft combining is used.  We recommend that the new parameter be used for definition of UE capabilities including LLR based soft combining, and that the assumptions here used for UE capability be discussed as a basis for MBMS minimum UE capability. 

2. assumptions and method to calculate capability values

The following were considered to develop the capability values shown in Table 1 below.  Note that the table contains additional details on how the values were derived.

· Given the discussion in [1,2,3] the basic MBMS requirements are derived based on the following assumptions:

1.) 3 selectively combined MTCH radio links, 40ms TTI with spreading factor 16.  This allows 256kbps with approximately rate ½ coding.

2.) Given 1.), worst case memory requirements are driven by DCCH and DTCH reception in CELL_FACH.  PCH reception requirements are less than those of DCH on FACH, since PCH TTI is restricted to 10ms TTI. PCH and DCH requirements do not both add to UE capability since PCH reception is not required in CELL_DCH.  A 16kbps (spreading factor 128) physical channel with 80ms TTI is assumed for the DCH on FACH. 

3.) Worst case code reception requirement is the selective combining 3 MTCH case + PCH case, which drives the requirement for 4 S-CCPCH.

· For the optional DPCH, a spreading factor 64 is assumed at 80ms TTI.  DPCH codes are restricted to 1.  Therefore the number of simultaneous CCTrCH is 4 (since PCH is not required in CELL_DCH, and reception of MCCH is presumed to take priority over selection combined MTCH legs).  Note that when DPCH is supported, the soft buffer size exactly matches the highest 5 code UE category (category 6). 

· Note that the “6.6 rule” on buffer size in 25.306 is not being followed here, as this seems to be the consensus in RAN1.

· We take “Maximum number of bits of all transport blocks being received at an arbitrary time instant” to be the number of information bits on all radio links being received, even if they are selection combined.  Similarly, “Maximum number of physical channel bits received in any 10ms interval” includes all radio links being selection combined.

3. Ue capability calculation for soft combining

When there is soft combining, the same information bits are on the radio links to be soft combined.  Since “Maximum number of bits of all transport blocks being received at an arbitrary time instant” does not differentiate between repetitions of the information bits to be combined and new information bits, it is necessary to add additional constraints to ensure that UE soft buffer size is limited when soft combining is used.

“Maximum number of physical channel bits being received at an arbitrary time instant” is added to reflect UE soft buffer size, and is roughly defined as the number of physical channel bits that are not yet decoded.  In order to allow the UE flexibility to soft or selection decode at any given point in time (as discussed in [1]), the definition of this number of undecoded bits (for the purposes of UE capability) is the maximum of the requirements for either soft or selection combining, which can be expressed as the equation below:
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Eq. 1

Where:

· LSB  is the number of LLRs of physical channel bits to store in the TTI soft buffer.

· “Max Relative Delay” refers to the maximum delay between the start of the earliest arriving radio link (macro diversity branch) and the start of the latest arriving radio link, in TTIs.

· TTI Bits is the number of physical channel bits in one TTI for a given transport block size.

Including the DPCH and considering soft handover, the definition in Eq. 1 can be stated as: 

“The maximum number of physical channel bits being received at an arbitrary time instant is defined as the maximum of a) or b) below:

a) the number of physical channel bits on DPCH (where if DPCH is in soft/softer handover only one of the DPCH in handover is counted) plus the sum over all radio links of the number of physical channel bits per TTI carried on S-CCPCH; or
b) the number of physical channel bits in undecoded transport blocks, where if S-CCPCH is soft or selection combined, only one of the combined S-CCPCHs is counted, and if DPCH is in soft/softer handover only one of the DPCH in handover is counted”

This requires at least enough memory to decode each radio link in parallel (as is used for selection combining), and assumes that transport blocks delayed more than 1 TTI can be soft combined with previous transmissions to reduce the memory requirement in this longer delayed case.

Note that overheads to store bits (e.g. those in a frame buffer) before they can be accumulated in a soft combined buffer are not included in this total, which is consistent with the way the requirements are presently specified in TS25.306.

4. areas for further study

We would like further discussion of transport format combination related parameters. Given that MBMS is used for streaming or background services, it is not obvious that the maximum number of transport format combinations, transport channels, etc. are needed.

5. References

Table 1: FDD MBMS Minimum UE Capability Class Parameters with Optional DPCH

	Reference combination of UE access capability parameters for MBMS (DL only)
	
	Comments

	Transport channel parameters
	
	

	Maximum number of bits of all transport blocks being received at an arbitrary time instant 
	32000/

33280
	256kbpsx3radio_linksx40ms

+16kpbsx80ms(FACH)

-or- 256kbpsx3radio_linksx40ms

+32kbpsx80ms(DPCH)

	Maximum sum of number of bits of all convolutionally coded transport blocks being received at an arbitrary time instant 
	640
	Relates to the reception of the S-CCPCH that carries an MCCH.

	Maximum number of bits of all turbo coded transport blocks being received at an arbitrary time instant.
	32000/

33280

Note 1
	Relates to the reception of the S-CCPCH carries the MTCH and  assumes turbo coded FACH or DPCH.

	Maximum number of simultaneous CCTrCH (S-CCPCH and DPCH)
	4


	Supports 3 selection combined radio links + PCH

Can then do FACH, PCH, and DPCH as well.

	Maximum number of DPCH codes to be simultaneously received with more than 1 S-CCPCH 
	0/1

Note 1
	Optional support for other voice call or messaging; cf 22.146, section 5.2.2

	Support for turbo coding 
	Yes
	

	PHY parameters (FDD)
	
	

	Maximum number of physical channel bits received in any 10ms interval 
	15000/

15600

Note 1
	

	Maximum number of physical channel bits being received at an arbitrary time instant
	62400/

67200

Note 1
	SF=16x3radio_linksx40ms

+SF=128x80ms(FACH)

-or- SF=16x3radio_linksx40ms

+SF=64x80ms(DPCH) 

	Maximum number of simultaneous S-CCPCH radio links
	4
	Supports 3 soft or selection combined radio links + PCH

	Simultaneous support of PDSCH or HS-PDSCH
	No
	Simultaneous support of HS-DSCH is already agreed as not required.

	Support for DPCH while receiving MTCH on S-CCPCH
	Yes/No
	Optional support for other voice call or messaging; cf 22.146, section 5.2.2


Note 1: Options depend on the support for DPCH while receiving MTCH on S-CCPCH
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