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1 Introduction

In last RAN1 meeting (RAN1#64) and subsequent email discussions, several proposals for soft buffer allocation for CA were discussed [1-7]. 

2 Discussed Proposals 

In this section, we provide our view on some of the proposals discussed on the email discussion. At the beginning of the RAN1 email discussion after the Taipei meeting, a WF (R1-111211) proposing full overbooking from the transmitter perspective was discussed. 

· The benefit of this proposal is that from the eNB perspective, the rate-matching per CC (i.e. resulting puncturing and repetition operation) is identical to Rel-8, at least for the UE Cats 1-7. However, a concern was raised (mainly for TDD) on the HARQ blocking probabilities in case of a UE using overbooking receiver. After further discussion, a first set of compromise proposals were proposed on the email reflector for consideration.

Proposal1: Soft buffer per CC is RRC configured between Equal split (Default scheme) and Full Overbooking (An example text proposal is shown in Appendix A)
· This was proposed as a compromise between the two proposals (of equal split and full overbooking). This requires a UE to support two RM parameters (inclusive of backwards-compatibility of Rel-8). Although it increases the UE complexity a way-forward to agreeing on one single solution seemed difficult at the time. This option provides eNB to configure either equal splitting or overbooking based on the scheduler implementation. Some concerns were raised over IOT, testing complexity with this proposal while some other companies seem to prefer this RRC approach over an approach where the UE receiver soft buffer partitioning behaviour is specified in a RAN1 specification. 
Proposal 2: Soft buffer for each configured CC is to ensure 2/3 mother code rate for every transport block 

· This proposal attempts to ensure 2/3 mother code rate as in LBRM of Rel-8. The formula provided for this proposal indicates that the soft buffer per CC is a function of K_MIMO and the component carrier bandwidth. This proposal appears to require up to 12 RM parameters (two values of K_MIMO and six values of carrier bandwidth), implying large complexity at the eNB and UE. This proposal further requires supporting an additional RM parameter for backwards-compatibility (i.e. Rel-8 soft buffer value in the single-carrier case).
Subsequently, another proposal (from Ericsson) was proposed on the email discussion (See Appendix B for some details).

· This proposal shared similarities with the WF (R1-111211) in that full overbooking from the transmitter perspective is proposed. This allows eNB benefits (Rate-matching per CC is identical to Rel-8). On the other aspects of the proposal, the small adjustments for total soft channel bits and two different Rate-Matching parameters (based on 2 or 4-layers) for Cat 6,7 seem reasonable. The proposal mainly suggests that UE behaviour to be specified i.e. which of the received LLRs corresponding to an unsuccessful TB that UE must store, and which ones the UE may choose to discard. In summary, the proposal is to specify a discarding UE receiver (i.e.  Assuming soft buffer is equally split between configured CCs in the UE receiver and UE discards any parity bits that cannot be stored due to soft buffer shortage.) as shown below.
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Figure 1. Discarding receiver where the UE stores the LLRs from the beginning of the circular buffer for each code block of the transport block.
· There were discussions on possible scenarios and simulations (e.g. higher short term BLER) where one receiver soft buffer partitioning method may provide an advantage over another. In total at least three receiver soft buffer partitioning methods were proposed including discarding receiver, overbooking receiver (with and without partition sharing across multiple CCs), and a method where the UE partitions its soft buffer proportionally based on the CC bandwidth.  
Finally, the chairman suggested that in light of the concerns with RRC we should try to agree on a single solution for Release 10 choosing one of the following solutions (without precluding cases where simple solutions seem agreeable e.g. for Cat 8 soft channel bits per CC is 1/5 of the total soft channel bits)
· A solution based on full overbooking but with some clear specification of the expected UE behaviour (details would need to be worked out and agreed), or 

· Equal partitioning for both eNB-side rate matching and UE soft buffer allocation
3 Discussion and Conclusion

Given the extensive email discussion and if a single solution is to be agreed for Rel-10, there are benefits to using full overbooking proposal from the eNB transmit perspective (similar to R1-111211 and as captured in the first table in Appendix B). 

If a single solution is to be agreed for Rel-10, it is reasonable to also not force specification that the UE must implement multiple soft buffer partitioning schemes.  Specifying that a UE has to implement several soft buffer partitioning techniques via RRC configuration (discarding receiver, overbooking receiver and/or proportional splitting of soft buffer based on CC bandwidth) is not desirable. Rather, then it is proposed that the UE soft buffer partitioning is not specified and is taken into account via RAN4 demodulation performance requirements. 

If indeed a UE receiver soft buffer partitioning scheme is to be specified in RAN1 spec, then such a proposal should be simple and backwards-compatible (e.g. no new behaviour is specified for Rel-8 UEs Cat 1-5).  Following points should also be considered when defining such specification. 

· The UE receiver soft buffer partitioning needs to be specified only for two or more configured carriers. For one configured CC (including Rel-8 Cat 1-5), there seems to be no need to specify behaviour as the full soft buffer is available for that CC.

· In Rel-8, for TDD configurations with >8 HARQ processes, it was left up to the UE on how to handle the received LLRs ([8][9]) and it is expected that any UE receiver specification would still allow such a mechanism (even for CA). Thus, for TDD, the UE receiver behaviour (if specified) is expected for configurations with <=8 HARQ processes. 
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Appendix A
Draft CR text for RRC signaling proposal (Proposal 1)
5.1.4.1.2
Bit collection, selection and transmission

The circular buffer of length 
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 for the r-th coded block is generated as follows:
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Denote the soft buffer size for the transport block by NIR bits and the soft buffer size for the r-th code block by Ncb bits. The size Ncb is obtained as follows, where C is the number of code blocks computed in section 5.1.2:

-
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for DL-SCH and PCH transport channels
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for UL-SCH and MCH transport channels

where NIR is equal to:
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where:

where 
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 denotes the number of cells configured by higher layers for the UE.

Nsoft-tot is the total number of soft channel bits [4].

Appendix B (Ericsson Proposal) 
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UE category Total eNB encodes the transport block(s) assuming the following soft
number | buffer size per DL cell
of soft
channel
bits
Ne=1 Ne=2 Nec=4 Nec=5
Cat1 250368 250368 250368 250368 250368 250368
cat2 1237248 1237248 1237248 1237248 1237248 1237248
cat3 1237248 1237248 1237248 1237248 1237248 1237248
Cat4 1827072 1827072 1827072 1827072 1827072 1827072
Cat5 3667200 3667200 3667200 3667200 3667200 3667200
Cat6.7 3654144 1827072* 1827072 1827072* 1827072* 1827072*
3654144 3654144 3654144 3654144 3654144
Cat8 35982720 7196544 7196544 7196544 7196544 7196544
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[image: image16.png]» The followingtable is adopted forboth FDD and TDD in order for the UE to determine the total number of
softchannel bits Noqe(N,,) per DL cell, where N, correspondstothe number of configured DL cells.

UE category Total UE stores received bits for a transport block(s) in its soft buffer
number assuming the following soft buffer size per DL cell
of soft
channel
bits
Ne=1 N, Ne=4
Cat1 250368 250368 125184 83456 62502 50073
Cat2 1237248 1237248 618624 412416 309312 247449
cat3 1237248 1237248 618624 412416 309312 247449
Cat4 1827072 1827072 913536 609024 456768 365414
Cat5 3667200 3667200 1833600 1222400 916800 733440
Cat6.7 3654144 1827072* 1827072 1218048 913536 730828
3654144
Catg 35982720 7196544 7196544 7196544 7196544 7196544
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