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Introduction
This paper discusses how to model the interaction between PHY and MAC with respect to the number of transport blocks and HARQ processes when spatial multiplexing is configured. Some relevant agreements from previous RAN1 and RAN2 conferences are listed below:
In RAN2-97bis, there are the following agreements:
· A UE not using DL spatial multiplexing shall expect at most one TB per HARQ process.
· A UE can transmit at most one TB per UL HARQ process per TTI.
In RAN1-88, there are the following agreements:
· NR supports the following number of codewords per PDSCH/PUSCH assignment per UE:
· For 1 to 2-layer transmission: 1 codeword
· For 5 to 8-layer transmission: 2 codewords
· FFS for 3 & 4-layer transmissions – revisit today 
In RAN1-88bis, there are the follow agreements:
· Confirm the following working assumption as an agreement:
· For 3 and 4-layer transmission, NR supports 1 codeword (CW) per PDSCH/PUSCH assignment per UE
· FFS: the support of mapping 2-CW to 3 layers and 2-CW to 4 layers
and
· Support NR reception of at least one but no more than two of the following 
· Single NR-PDCCH corresponding to the same NR-PDSCH data layers from multiple TRPs within the same carrier
· Note that: this is intended to have spec impact
· Single NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier
· Multiple NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier 
· In case of multiple NR-PDCCH, consider the following for the reduction of UE PDCCH detection complexity. 
· Note the following may or may not have RAN1 specification impact. 
· Note that different NR-PDSCH data layers from single TRP is special case.
· The alignment of PDCCH generation rules among TRPs, e.g. one identical control resource set across TRPs
· Signalling the maximum number of multiple NR-PDCCH reception via L1 and/or high layer signalling
· Other techniques can be considered. 

This paper proposes to revert an agreement made in RAN2-97bis to establish that one HARQ process can handle multiple transport blocks in a TTI for both uplink and downlink.
[bookmark: _Ref178064866]Discussion
In LTE, asynchronous HARQ is applied in downlink. Depending on different transmission modes, LTE can support up to 8 layers for single user MIMO transmission. One codeword is used for single layer transmission and two codewords are applied from 2 to 8-layer transmission. No matter one to two codewords are assigned for data transmission, there is one HARQ process per subframe for downlink multiplexing [1]. 
"When the physical layer is configured for downlink spatial multiplexing [2], one or two TBs are expected per TTI and they are associated with the same HARQ process. Otherwise, one TB is expected per TTI." (TS 36.321, section 5.3.2.1)
[bookmark: _Toc481655034][bookmark: _Toc481867467]In LTE DL, one HARQ process handles two transport blocks in case of spatial multiplexing.
From the available agreements, there are also up to 2 codewords per PDSCH for up to 8-layer transmission in NR, which is the same as LTE. For NR, the rule to determine the number of codewords in case of multiple layer transmission is slightly different from LTE: single codeword can be used for up to 4-layer transmission and two codewords are used for above 4-layer transmissions, while in LTE, 2 codewords are used for above 1-layer transmissions. This difference does not impact the HARQ processes to be used for spatial multiplexing in NR as the maximum number of codewords and the maximum number of layers does not change compared to LTE.
[bookmark: _Toc481144164][bookmark: _Toc481149963][bookmark: _Toc481655035][bookmark: _Toc481867468]Similar as LTE, up to 2 codewords are used for up to 8-layer spatial multiplexing in NR.
When synchronous HARQ is used, there are two HARQ processes per TTI when uplink spatial multiplexing is configured. 
"When the physical layer is configured for uplink spatial multiplexing [2], there are two HARQ processes associated with a given TTI. Otherwise there is one HARQ process associated with a given TTI." (TS 36.321, section 5.4.2.1)
[bookmark: _Toc481655036][bookmark: _Toc481867469]In LTE UL, one HARQ process handles at most one transport block in case of spatial multiplexing.
In LTE there is clearly a discrepancy to how the number of HARQ processes are modelled in UL and DL in case of spatial multiplexing. We think there is no technical argument behind this difference and we would like to align uplink and downlink operation in NR.
In NR synchronous HARQ will not be used and asynchronous HARQ is the only mode of operation. Hence we think we should model NR based on the LTE DL as that is also asynchronous operation and have one HARQ process per TTI also for spatial multiplexing. This implies that a HARQ process in NR can support up to two transport blocks in one TTI. As a consequence, the agreement "A UE can transmit at most one TB per UL HARQ process per TTI" must be reverted.
[bookmark: _Toc481655027][bookmark: _Toc481867470]Revert the agreement from RAN2#97bis: "A UE can transmit at most one TB per UL HARQ process per TTI."
As can be seen from the agreements in RAN1, they are exploring various new improvements to MIMO. It si not clear to us how this will end as lots of work still remain in RAN1. We think it is too early to rule out that more than two transport blocks can be transmitted to a UE during a TTI for example. But as there is no impact to MAC to limit a HARQ process to supporting 2 TBs instead of 4 or 8, we think we can keep the question of the maximum number of TBs per HARQ process open, under the assumption that it is at least 2.
[bookmark: _Toc481655028][bookmark: _Toc481867471]A DL HARQ process not configured for spatial multiplexing shall support reception of 1 transport block during a TTI.
[bookmark: _Toc481655029][bookmark: _Toc481867472]A DL HARQ process configured for spatial multiplexing shall support reception of at most n transport blocks during a TTI, n pending RAN1 progress, but assumed to be at least 2.
[bookmark: _Toc481655030][bookmark: _Toc481867473]A UL HARQ process not configured for spatial multiplexing shall support transmission of 1 transport block during a TTI.
[bookmark: _Toc481655031][bookmark: _Toc481867474]A UL HARQ process configured for spatial multiplexing shall support transmission of at most n transport blocks during a TTI, n pending RAN1 progress, but assumed to be at least 2.
Conclusion
In section 2 we made the following observations:
Observation 1	In LTE DL, one HARQ process handles two transport blocks in case of spatial multiplexing.
Observation 2	Similar as LTE, up to 2 codewords are used for up to 8-layer spatial multiplexing in NR.
Observation 3	In LTE UL, one HARQ process handles at most one transport block in case of spatial multiplexing.

Based on the discussion in section 2 we propose the following:
Proposal 1	Revert the agreement from RAN2#97bis: "A UE can transmit at most one TB per UL HARQ process per TTI."
Proposal 2	A DL HARQ process not configured for spatial multiplexing shall support reception of 1 transport block during a TTI.
Proposal 3	A DL HARQ process configured for spatial multiplexing shall support reception of at most n transport blocks during a TTI, n pending RAN1 progress, but assumed to be at least 2.
Proposal 4	A UL HARQ process not configured for spatial multiplexing shall support transmission of 1 transport block during a TTI.
Proposal 5	A UL HARQ process configured for spatial multiplexing shall support transmission of at most n transport blocks during a TTI, n pending RAN1 progress, but assumed to be at least 2.
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