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1	Introduction
This contribution relates to the number of HARQ processes and the related soft buffer consideration. The following agreements have been made in the previous RAN1 meetings:
Agreements: (RAN1 #90s)
· 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: (RAN1 #88bis)
· Consider further following two aspects for the number of HARQ processes:
· Maximum number of HARQ processes per carrier
· Soft-buffer size/dimensioning/partitioning
· Open questions:
· What RAN1 specification impacts the above two aspects will have?
· What factors impacts on each of the aspects, and how much?
· For which types of UEs the peak data rate is desirable?
· What is the relation between these two aspects and flexible scheduling/HARQ-ACK feedback timings?
· How/whether different between downlink and uplink?
· Email discussion about above question until 20th April – Joseph (Qualcomm)


2	UE soft buffer relation to number of HARQ processes
In order to ensure that all UEs are able to operate in all deployments, the maximum supported number of HARQ processes should not be a UE capability. The soft-buffer dimensioning needs to take the peak data rate and a reasonable number of HARQ processes into account so that the UE would be able to handle bursty errors due to deteriorating link conditions even with high data rates when a typical number of HARQ process is configured to it, but this dimensioning would not need to take the maximum supported HARQ processes into account, as long as HARQ combining is still possible with full HARQ process configuration as well, even if it is not necessarily possible with the max TB size for all processes at the same time.
The LTE specification was based on the assumption that all HARQ processes are allocated a fixed-size HARQ soft buffer. Such assumption was acceptable when the number of HARQ processes was fixed, and it still possible for the the UE implementation to optimize its soft buffer size by implementing less rigid soft buffer allocation to HARQ processes. At least in some implementation architectures it is possible to allocate the HARQ soft buffer dynamically and the larger number of HARQ processes would not directly impact the soft buffer dimensioning. If the soft buffer memory needs for the simultaneously pending re-transmissions would exceed the overall soft buffer capacity the UE would have to drop some TBs from the soft buffer and lose HARQ combining gain. Such UE architecture would not need to trade-off between the supported TB size (peak data rate) and the number of supported HARQ processes.
Moreover, the fixed soft-buffer split among HARQ processes as in principle done e.g. for LTE carrier aggregation would not be very practical in NR. While in case of LTE each carrier is limited to 20MHz/100PRBs and having a fixed number of PDSCH symbols, the situation for NR is different as we have to consider a rather large variation in the carrier bandwidths, varying SCS, varying PDSCH durations. This leads to a large variation of the TB sizes between HARQ processes from a single UE point of view even if each of them is scheduled with the DL peak data rate. Therefore, some more flexible UE soft-buffer management in the UE will be needed to cope with such TB size variations. 
A semi-static (as opposed to dynamic) HARQ soft buffer allocation may be desired in simpler UE architectures, and the need to support such should be discussed further, while defining NR in such a way that the dynamic soft buffer usage is beneficial for the UE.
Proposal #1: The maximum number of supported HARQ processes per carrier and per MIMO CW is common to all UEs capable of supporting mobile broadband services, and the value is fixed in the specification.
Proposal #2: Assume that at least some UEs are able to dynamically allocate soft buffer memory to HARQ processes on a need basis
Proposal #3: If it is not possible to assume that all UEs are able to dynamically allocate soft buffer, the number of HARQ processes used in downlink per carrier and per MIMO CW is configurable semi-statically
Proposal #4: The maximum TB size the UE can be transmitted to is the same regardless of the number of configured HARQ processes
Proposal #5: The UE’s soft combining performance may be reduced when a large number of HARQ processes is configured and the UE is scheduled continuously with (close to) peak data rate
The maximum number of HARQ processes for the NR to support is further discussed in [6], in which we proposa to adopt a maximum of 16 HARQ processes in the NR specifications.

3	LTE-NR Dual Connectivity and inter-RAT buffer sharing
RAN2 and RAN1 had an earlier email exchange related to the HARQ buffer sharing between LTE and NR [3], [4] in January 2017:
Q2: Is dynamic sharing of HARQ soft buffer feasible between LTE and NR or will the total number of soft-channel bits be semi-statically split between LTE and NR?
A2: Semi-static sharing of the HARQ soft buffer (As opposed to fixed allocation of soft memory between LTE and NR) may be feasible in some UE architectures. RAN1 has not investigated the feasibility of fully dynamic HARQ soft buffer sharing.


RAN2 sent a follow-up LS [5] to RAN1#90:
RAN2 understands for LTE and NR dual-connectivity i.e. MR-DC (Multi-RAT DC) the capability signalling and coordination will be needed for baseband capabilities between LTE and NR if baseband capabilities are shared and should be split by the network (eNB/gNB). Based on the RAN2 outgoing LS in [1] and the RAN1 and RAN4 response LS in [2] and [3] respectively, RAN4 responded as follows: “RAN4 has identified that some NR UE capabilities may depend on the LTE/NR band combinations, such as MIMO layers, however it is FFS to identify all parameters”. However, it is not clear which specific baseband capabilities are shared and split by eNB/gNB. 

Q1: In the context of the above discussion, RAN2 would like to know which of the baseband capabilities are shared and split between LTE and NR by eNB/gNB? 


Two possible architectures for managing the LTE and NR HARQ soft buffers can be envisoned, one where the soft buffers are not shared, and another where the LTE and NR soft buffers are pooled together.
The case where the soft buffers are not shared the handling is straight forward, the UE processing capability that depends on the HARQ buffer size on the LTE side and on the NR side is indifferent to whether or not the UE is configured to operate in LTE-NR dual connectivity mode.
The case where the LTE and NR use the same soft memory pool may require some additional consideration that RAN1 should indicate to RAN2. The pooled HARQ memory question is tightly related to the soft memory partitioning model between NR HARQ processes. If the dynamic HARQ buffer management between NR HARQ processes is agreed, then it may be possible to dynamically share the soft memory across LTE and NR HARQ processes as well. If a more semi-static memory allocation between NR HARQ processes is taken as the basis, then one cannot assume dynamic pooling between LTE and NR
In both cases, the actually available soft memory for a given HARQ process at a given time instant does not need to be known to the transmitter, and the actually implemented memory size and allocation flexibility is an UE implementation matter. The knowledge needed in the eNB and in the gNB, that may need to change based on the LTE-NR dual connectivity status and potentially the LTE and NR configuration (carrier BW, maximum modulation order, maximum MIMO layers, the usage of carrier aggregation etc.), and this dependency between the LTE and NR may exist whether or not the UE is pooling its soft buffer between the RATs or implementing a fixed soft buffer for each RAT. 
Proposal #6: The HARQ soft buffer pooling between LTE and NR is an UE implementation matter and the UE capability design should not need to be aware of it.
Proposal #7: Generally independent LTE and NR capabilities are preferred, i.e. the capabilities remain unchanged regardless of whether the UE operates in LTE, in NR or in LTE-NR DC mode. 
Proposal #8: If there is a clear benefit in joint capabilities in the UE implementations, the two should remain as independent as possible. E.g. the change in LTE configuration should not impact the NR capability and vice versa. 
4	Limited Buffer Rate Matching
As dicussed in [7], the usage of limited buffer rate matching on the large TBs leads to performance degradation. In addition handling the rate matching differently for UEs with different maximum TB capability leads to additional system complexity. As the decode buffer can be separated from the actual UE soft buffer, the following proposal echoing [7] is made:

Proposal #9: Limited buffer rate matching is not used in NR. Both transmit buffer and decode buffer support the mother code rate of the LDPC code. 


5	Conclusions
In this contribution the following proposals related to the number of HARQ processes and UE HARQ soft buffer relation to the peak data rate support are made:
Proposal #1: The maximum number of supported HARQ processes per carrier and per MIMO CW is common to all UEs capable of supporting mobile broadband services, and the value is fixed in the specification.
Proposal #2: Assume that at least some UEs are able to dynamically allocate soft buffer memory to HARQ processes on a need basis
Proposal #3: If it is not possible to assume that all UEs are able to dynamically allocate soft buffer, the number of HARQ processes used in downlink per carrier and per MIMO CW is configurable semi-statically
Proposal #4: The maximum TB size the UE can be transmitted to is the same regardless of the number of configured HARQ processes
Proposal #5: The UE’s soft combining performance may be reduced when a large number of HARQ processes is configured and the UE is scheduled continuously with (close to) peak data rate

Further the following proposals related to the joint LTE-NR capabilities are made:
Proposal #6: The HARQ soft buffer pooling between LTE and NR is an UE implementation matter and the UE capability design should not need to be aware of it.
Proposal #7: Generally independent LTE and NR capabilities are preferred, i.e. the capabilities remain unchanged regardless of whether the UE operates in LTE, in NR or in LTE-NR DC mode. 
Proposal #8: If there is a clear benefit in joint capabilities in the UE implementations, the two should remain as independent as possible. E.g. the change in LTE configuration should not impact the NR capability and vice versa. 

Finally, the following proposal on limited buffer rate matching is made:
Proposal #9: Limited buffer rate matching is not used in NR. Both transmit buffer and decode buffer support the mother code rate of the LDPC code.
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