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1. Introduction
At the previous RAN1 meetings, following agreements and conclusion have been made:
	[bookmark: _GoBack]Agreements at RAN1#90:
· NR specification should decouple the transmit (or RV) buffer from soft buffer size of the UE receiver.
· Note: transmit (or RV) buffer refers to the PDSCH rate-matching buffer

Conclusion at RAN1 AH-NR#3:
· RAN1 aims to finalize details of transmit buffer rate-matching (for PDSCH/PUSCH) in RAN1#90bis
· FFS UE soft buffer dimensioning especially in relation to UE capability/category
· FFS NR soft buffer management
· FFS LTE-NR soft buffer dimensioning and management, especially in relation of UE capability/category



In this contribution, we share some views on soft-buffer management for NR. This contribution is an update of R1-1716530.

2. Soft-buffer management for NR
A UE has a soft-buffer with its total amount of soft bits which equals to S. Part of the S is used to store soft-bits of a received code-block upon decoding failure. Considering that NR supports multi-Gbps per UE throughput and large number of HARQ processes per carrier of at maximum (i.e., 8 or 16), there would be the case where the value of S is not enough to accommodate all the soft-bits for all the HARQ processes over all the carriers configured for the UE.
Dynamic soft-buffer sharing among HARQ processes over the same/different carriers would be a promising way to fully utilize the soft-buffer of the UE, especially when the number of HARQ processes configured for the UE is large while the actually used number is less than that. However, it may cause memory fragmentation and complicate the soft-buffer management depending on DCI instruction. Figure 1 (a) shows a simplified example; here, it is assumed that soft bits with lower index are prioritized for storing. In order to store soft-bits for additional HARQ processes as shown in the figure, UE may also need to flush the buffer for a HARQ process when/if the soft bits are no longer necessary.
In order to resolve the complicated soft-buffer management, the simplest solution is to semi-statically split the soft-buffer into the possible number of HARQ processes over the carriers for the UE (see Figure 1 (b)). This does not cause the memory fragmentation and simplify the soft-buffer management. However, even when the number of HARQ processes actually used is small, the available amount of soft-buffer is dimensioned; therefore, soft-combining gain for HARQ re-transmission is limited.
For LTE, soft-buffer partitioning is based on the number of HARQ processes per carrier and total number of configured carriers. This was not a serious issue since the size of soft-buffer is determined such that necessary number of soft bits in typical cases are accommodated. However, as mentioned earlier, for NR, soft-buffer size may not be enough in typical cases. Therefore, soft-buffer partitioning based on the number of HARQ processes per carrier and total number of configured carriers would not the right approach. At least, differences in necessary amount of soft bits per carrier due to differences in the number of MIMO layers, MCS, or bandwidth, should be taken into account.
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(a) Dynamic buffer sharing			(b) Semi-static buffer partitioning
Fig. 1	Soft-buffer management.

In addition, NR supports bandwidth adaptation (by switching BWP), total bandwidth adaptation (by activation/de-activation of CA), and mini-slot operation. Necessary number of soft bits for a given HARQ process could highly vary. Therefore, it is desirable to find a way to realize some sort of buffer sharing. 
Regardless of whether or not the dynamic sharing is realized, gNB should take into account the UE’s minimum available soft-buffer size for its scheduling/HARQ operation strategy. Therefore, NR should ensure that the gNB can know soft-buffer size of the UE.

Proposal 1:
· NR should ensure gNB know UE’s minimum available soft-buffer size.
· For soft-buffer partitioning, differences in the number of MIMO layers, MCS, and/or carrier bandwidth, over the carriers configured for the UE, should be taken into account.
· Investigate the possible solution for dynamic soft-buffer sharing.

3. Relation between soft-buffer size and UE category
RAN2 sent an LS [1] to RAN1 saying the following:
	Secondly, RAN2 agreed that an NR UE category (if defined) should not specify the number of MIMO layers nor the modulation scheme since those are anyway signalled as independent capabilities (like in LTE). Hence, a category would primarily define a data rate and possibly a soft buffer size (to be discussed by RAN1). 

RAN2 assumes that the supported band combinations together with the baseband capabilities (modulation scheme, MIMO layers, …) comprise all information necessary to calculate the maximum data rate achievable on each serving cell, in each cell group (e.g. LTE MCG, NR SCG) and per UE. An explicit UE category would be necessary only if UEs should be enabled to indicate a data rate that is lower than the data rate achievable calculated based on the aforementioned parameters.
 
However, if such an explicit UE category is applied to MR-DC or NR-NR-DC operation, the involved network nodes would have to negotiate how they “share” the indicated data rate. Without such an additional MR-DC or NR-NR DC UE category, the involved network nodes could determine how to schedule the UE in their cell group solely based on the UE capabilities (i.e. BCs and baseband capabilities). Hence, even if an explicit UE category is found useful to enable low-complexity UEs operating in a single RAT, RAN2 does not intend to use it for NR-NR-DC or MR-DC operation. Therefore, RAN2 suggests the following rules for handling of categories in NR-NR DC and MR-DC: 

“A non-DC UE supporting a peak data rate that is lower than the data rate achievable according to the above-mentioned parameters indicates this by a per-UE category (data rate). 
However, a UE supporting dual connectivity (MR-DC, NR-NR DC) shall not advertise a data rate (category) that is lower than the highest data rate achievable according to any of the DC band combinations.”



So far, the relation between soft-buffer size and UE peak data rate has not been clarified yet.
For LTE, the achievable peak data rate, the size of transmitter buffer, and the size of receiver soft-buffer are tied. However, this requires UE to have unnecessarily large size of soft-buffer, which increases the cost. Therefore, for NR, decouple transmitter buffer and receiver soft-buffer has been agreed.  
Then the question is whether the UE shall report its soft-buffer size as its UE capability. The answer should be yes. RAN1 already agreed to define UE capability of processing time for DL HARQ process. In addition, at the last RAN1 meeting, configuration of the number of HARQ processes per carrier was agreed. With the UE capability information of DL HARQ processing time and soft-buffer size, gNB can appropriately configure the number of HARQ processes and HARQ RTT. Following table shows example combinations for the UE processing time and soft-buffer size, and corresponding network side approach to achieve peak data rate. Note that for NR, slow UE processing time and small soft-buffer size should not be targeted. At least one of these two parameters should be fast/large enough.
	Processing time
	Soft-buffer size
	Condition on network side to achieve peak data rate

	Fast
	Small
	· Fast HARQ RTT with small number of HARQ processes, with relatively high target BLER
· Slow HARQ RTT with large number of HARQ processes, relatively low target BLER

	Fast
	Large
	· Less restriction on HARQ RTT and the number of HARQ processes

	Slow
	Small
	Not targeted for typical eMBB

	Slow
	Large
	· Fast HARQ RTT with small number of HARQ processes, with relatively high target BLER
· Slow HARQ RTT with large number of HARQ processes, relatively low target BLER



Proposal 2:
· NR ensures gNB to know DL HARQ processing time and soft-buffer size of the UE.

4. Conclusion
In this contribution, we discussed soft-buffer aspects and proposed following.
Proposal 1:
· NR should ensure gNB know UE’s minimum available soft-buffer size.
· For soft-buffer partitioning, differences in the number of MIMO layers, MCS, and/or carrier bandwidth, over the carriers configured for the UE, should be taken into account.
· Investigate the possible solution for dynamic soft-buffer sharing.
Proposal 2:
· NR ensures gNB to know DL HARQ processing time and soft-buffer size of the UE.
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