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[bookmark: OLE_LINK73]1	Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK51][bookmark: OLE_LINK17][bookmark: OLE_LINK22][bookmark: OLE_LINK39][bookmark: OLE_LINK40]DCH Enhancement solutions are studied in TR 25.702 “Study on Dedicated Channel (DCH) enhancements for UMTS”. Two designs of the downlink transport processing and multiplexing for DCH enhancements have been studied and the final decision has not yet been agreed upon. Both designs need to concatenate speech class A, B and if present C bits. The DL encoder chain solution 4 in [1], hereafter referred to as ‘interleave-repeat” scheme, skips the complex rate matching block and reuses the existing R99 interleaving algorithm. The DL encoder chain solution 3 in [1], hereafter referred to as ‘pseudo-flexible rate-matching’ scheme, configures the rate-matching attributes as zero whenever DCCH is absent and keeps the existing transport channel multiplexing configuration unchanged. By replacing the DL rate-matching algorithm with a simple ‘repeat’ method, the ‘interleave-repeat’ scheme provides at least 0.1 dB link efficiency gain and about 8% more power saving over the ‘pseudo-flexible rate-matching’ scheme. In this contribution, comparison of both schemes is presented and we have also answered the questions raised by [3]. Based on the comparison and analysis results, we propose to adopt the ‘interleave-repeat’ scheme as the DL transport channel processing and multiplexing method.
[bookmark: OLE_LINK33][bookmark: OLE_LINK29][bookmark: _Toc347396759][bookmark: OLE_LINK299][bookmark: OLE_LINK304][bookmark: OLE_LINK47][bookmark: OLE_LINK48]2	DL transport channel processing and multiplexing proposals
[bookmark: OLE_LINK21][bookmark: OLE_LINK27][bookmark: OLE_LINK391][bookmark: OLE_LINK31][bookmark: OLE_LINK32]The DL transport channel multiplexing and processing block diagrams for two designs are shown in Figure 1 and Figure 2 respectively. Most of the blocks with green colour reuse the ones from R99 [4]. The red colour blocks are new ones targeted for DCH enhancements (WCDMA+). Their difference is summarized in Table 1. The ‘repeat/truncate’ operation is explained by Figure 3. A detailed AMR 12.2 kbps speech frame processing for both designs is illustrated in Figure 4 and the bit repetition method for pseudo-flexible RM is shown in Figure 5.  

As one can see, the complex rate matching operation is skipped by interleave-repeat scheme and instead a straightforward simple repetition operation is used. The pseudo-flexible rate matching needs more than 800 loops (AMR 12.2 kbps) and the repetition operation involves simply a memory moving.


The advantage of using this interleave-repeat design is that by employing the interleave-repeat approach, the complete speech information bits can be delivered to the receiver much earlier before the full 20 ms frame has been transmitted so that the speech frame decoding time can be reduced and the early decoding successful rate can be increased. For smaller packets such as SID, the benefit of using interleave-repeat scheme is even more obvious due to the repeat coding gain. At RAN1#74bis, it was noted that at 50% voice-activity factor the interleave-repeat scheme over pseudo-flexible RM shows 0.1 dB in link gain and decoding time saving of 1 slot which can be translated into about 8% more power saving (average DTX duration due to DL FET is about 12 slots; 1/128%)
[bookmark: OLE_LINK55][bookmark: OLE_LINK56]


[bookmark: _Ref377412365][bookmark: OLE_LINK101][bookmark: OLE_LINK102]Figure 1: DL transport channel multiplexing and processing structure without DCCH


 
[bookmark: _Ref377412379]Figure 2: DL transport channel multiplexing and processing structure with DCCH



[bookmark: _Ref377413380]Figure 3: ‘Repeat/Truncate’ operation example


[bookmark: _Ref377414053][bookmark: OLE_LINK114][bookmark: OLE_LINK115]Figure 4: The difference of encoding chain between the pseudo-flexible RM and interleave-repeat schemes


[bookmark: _Ref377414065]Figure 5: Pseudo-flexible RM bit repetition algorithm
[bookmark: _Ref377457694][bookmark: OLE_LINK3][bookmark: OLE_LINK4]Table 1: DL transport channel multiplexing design comparison
	
	pseudo-flexible rate-matching
	Interleave-Repeat

	DTCH cascade
	Yes
	Yes

	DCCH cascade
	No
	Yes

	Number of transport channels
	2
	1

	CRC attachment
	16 bits for DTCH
16 bits for DCCH
	16 bits for the only one TrCH 

	Convolutional code
	1/3
	1/3

	Rate matching
	Without DCCH:
Calculate eini, eplus, and eminus by RM attribute, encoded bit number per TrCH, and available physical bit number.
Perform Legacy RM algorithm to repeat or puncture bits

In the example of Figure 4, 1140 “formula calculation” and 1140 “compare” operations are required
    do while m <= 803
        e = e – eminus        -- update e
        do while e <= 0
            repeat bit am
            e = e + eplus     -- update e
        end do
        m = m + 1
    end do

804 -> 1140

	Without DCCH:
Run only one simple repetition for DTCH



	
	With DCCH: 
1) run one rate-matching for DTCH
2) run one rate-matching for DCCH

Two times rate-matching needed
	With DCCH:
Run only one simple repetition for DTCH+ DCCH


	DTX insertion
	Yes
	No 

	1st interleaving and frame segmentation
	Yes
	No

	2nd interleaving
	Yes
	Yes 

	Physical channel mapping 
	Yes 
	Yes 



[bookmark: OLE_LINK59][bookmark: OLE_LINK64][bookmark: OLE_LINK99][bookmark: OLE_LINK122][bookmark: OLE_LINK123][bookmark: OLE_LINK34][bookmark: OLE_LINK35]
3 Implementation Analysis 
With both interleave-repeat and pseudo-flexible RM, the analysis in [3] shows that there is a need to signal the DPCCH/DPDCH power offsets and it further points out that the number of offsets needed to be signalled for ‘pseudo-flexible RM’ is 2 and for ‘interleave-repeat’ is 6. Actually, similar to the method used for setting of the uplink DPCCH/DPDCH power difference in [5], the power offsets can be computed based on the setting for a reference TFC, which can implicitly refers to full-speech TFC and there is no need to signal the DPCCH/DPDCH power offset at all. 

[bookmark: OLE_LINK28][bookmark: OLE_LINK30][bookmark: OLE_LINK20][bookmark: OLE_LINK26]For example, defining Ni as the number of bits after convolutional encoding of TFC i, then the extra DPDCH power offset to be added on different TFC is 10*log10(Ni/Nref) in dB domain. This can be further explained more clearly for an AMR voice service case: the reference TFC is full-packet and Nref = (244+16)*3 = 804, where “244” is information bit number, “+16” is for 16bit CRC attachment, and “*3” is for 1/3 convolutional code; NNull of null-packet and NSID of SID-packet are 72 and 189 respectively. The extra DPDCH power offset for null-packet is 10*log10(72/804) = -10.48dB, and that of SID-packet is 10*log10(189/804) = -6.29dB.

A concern regarding the ambiguity in size of all-zeros packet was also raised. It is possible that the null-packets with all-zeros CRC bits could be confused with another packet consisting of all zeros. The probability of packet consisting of all zeros is quite small. Taking packet type SID for example, the number of SID packet information bits is 39, and the all zero probability is 0.539, which is extremely small. Whenever the decoder has both the valid all zero outcome of null-packet and some non-null-packet, the decision should be a null-packet. In fact, the ambiguity should also show up in legacy R99 encoding chain, not just in interleave-repeat encoding chain. If this is indeed a concern, scrambling on CRC bits can be introduced to solve the ambiguity issue.

Regarding the DCCH concatenation and extensibility to multi-RAB, it should not be considered as a legitimate scenario for DCH enhancement study, since it is agreed upon that the WI scope for DCH enhancements is intended to target AMR voice over DCH and/or SRB over DCH where applicable. With multi-RAB, data service is 10 ms TTI and it is outside the scope of the current work item. On the other hand, for 10 ms TTI data service, the frame early termination (FET) should not provide any link efficiency gain. Note that RAN1 (meeting #75) has already agreed that for DL, only when FET is operational, AMR class A, B and C bits can be concatenated.

There is also a concern raised by [3] which claims that the possibility of prioritize one channel over another such as DCCH versus DTCH is lost in ‘interleave-repeat’ scheme. For an AMR 12.2 speech codec with 244 bits, there is about 42% (103/244) Class B bits and 25% (60/244) Class C bits. We have agreed that AMR class A, B and C bits can be concatenated, meaning it is not possible to prioritize Class A over Class B or C. Considering the probability that DCCH is present is very small – as low as 1~2%, the benefit of prioritizing DTCH over DCCH (or vice versa) is not obvious. 

[bookmark: OLE_LINK79]4	Conclusions
[bookmark: OLE_LINK133][bookmark: OLE_LINK134]We have compared both ‘interleave-repeat’ and ‘pseudo-flexible RM’ schemes and showed that ‘interleave/repeat’ approach needs very minor specification change compared to ‘pseudo-flexible RM’ method. All questions raised in [3] have been answered and none of them are issues. Considering that ‘interleave-repeat’ scheme can provide at least 0.1 dB link efficiency gains and about 8% more power saving over ‘pseudo-flexible RM’, we propose the following:
Proposal : Agree the proposed downlink encoding chain “interleave-repeat” method shall be adopted to be standardized for DCH enhancements.
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