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1. Introduction
In this contribution, we discuss soft buffer management for NR.
2. Need of instantaneous buffer for decoding
In Rel.8 LTE, two-step rate-matching was applied. The first-step rate-matching is carried out so that the sequence of the coded bits, N, does not exceed the soft-buffer size assigned for the code-block. The second-step rate matching is applied to select E coded bits to be transmitted out of the N coded bits achieved by the first-step rate-matching, where E is the number of bits available for transmission and is determined according to the allocated resources in time/frequency/space, MCS level, etc. The starting position of the E bits is indicated by the value of redundancy version (RV), from RV0 to RV3. When the re-transmission of the code-block is needed, same or different E bits from the coded bits after the first-step rate-matching can be transmitted by indicating different RV value. At the receiver, M soft bits can be stored in the soft-buffer for the code-block, where M=N. 
In Rel. 10 LTE, there was a discussion on how to support M < N for some CA cases, and it was identified that the impact of reducing soft-buffer size as M < N has less performance impact under the following assumptions [1]:
· The UE has instantaneous buffer for decoding, which is enough large to accommodate the coded bits after the first-step rate-matching, N.
· The soft-buffer of size M is used to store soft bits of up to M, only upon decoding failure of the code-block.
For NR, it was agreed that the maximum number of HARQ processes for a carrier is 8 or 16. Assuming a very high data rate such as multiple giga-bits per second, having large size of soft-buffer to accommodate larger number of HARQ processes with sufficiently low coding rate is not desirable from the UE cost point of view. Similar to the LTE discussion for M < N, we propose that the maximum number of HARQ processes for a carrier is 16 considering the various use-cases and necessary HARQ RTT, while the soft-buffer size for the carrier can be smaller than the one determined assuming smaller number of HARQ processes, e.g., 8. Exact necessary size of the soft-buffer for a transport block under typical use-cases/scenarios needs further study. 
In order to make sure that support of M < N is feasible, NR should ensure that the UE has the instantaneous buffer for decoding, in addition to soft-buffer which stores soft bits upon decoding failure of the code-block. The discussion/study on reduced soft-buffer size should be made based on this assumption.
Proposal 1:
· UEs have to have the instantaneous buffer for decoding.
· Based on this assumption, smaller size of the soft-buffer can be further studied.

3. PDSCH rate-matching
In LTE, PDSCH (first-step) rate-matching is defined such that the length of the rate-matched coded bits, N, fits with the soft-buffer size, M, reserved for the code-block, i.e., M = N. However, for M < N, such rate-matching is not desirable. Considering that there is the instantaneous buffer for decoding, the rate-matching should be aligned with the size of the instantaneous buffer for decoding. By this, since many parity bits are ensured, channel coding gain after the first-step rate-matching can be maximized. Once decoding failure happens, up to M soft-bits are stored in the soft-buffer. The stored bits may or may not be the whole soft bits of the code-block. Nevertheless, stored bits contribute coding/combining gain for the next re-transmission.
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Fig. 1		Rate-matching for PDSCH.

Proposal 2:
· If smaller size of soft-buffer for one CB is adopted, PDSCH rate-matching should be done such that the size is larger than the soft-buffer size, and possibly is aligned with the instantaneous buffer for decoding.

4. [bookmark: _GoBack]Conclusion
In this contribution, we discussed resource sharing between PDCCH and PDSCH for NR and proposed following:
Proposal 1:
· UEs have to have the instantaneous buffer for decoding.
· Based on this assumption, smaller size of the soft-buffer can be further studied.
Proposal 2:
· If smaller size of soft-buffer for one CB is adopted, PDSCH rate-matching should be done such that the size is larger than the soft-buffer size, and possibly is aligned with the instantaneous buffer for decoding.

References
[1] K. Takeda, Y. Sagae, N. Ohkubo, and H. Ishii, ‘Investigation on rate matching and soft buffer splitting for LTE-Advanced carrier aggregation,’ Proc. IEEE 75th VTC Spring, May 2012.

- 2/3 -
image1.emf
Info bits ofacode-block

Coded bits of the code-block

Rate-matched code-block (Nbits)

Txcode-block with RV0 (Ebits)

Instantaneous buffer for decoding

RV0 RV1 RV2 RV3

Tx

Rx

Txcode-block with RV1 (Ebits)

Txcode-block with RV2 (Ebits)

Txcode-block with RV3 (Ebits)

Soft-bufferfortheCB (Mbits)

Should be

the same size


