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Introduction
Compared to LTE, NR should support more flexible scheduling and HARQ configurations. TS 38.802 [1] lists some relevant design properties for HARQ.
-	HARQ-ACK feedback with one bit per TB is supported. 
-	Code Block Group (CBG)-based transmission with single/multi-bit HARQ-ACK feedback is supported. 
As LTE lacks support for multi-bit feedback per transport block we analyse this new feature from the MAC point of view. We conclude that it is possible to model this feature in a way which minimizes the impact on the MAC specification.
[bookmark: _Ref178064866]Discussion
In addition to single HARQ A/N bit per transport block similar as LTE, code block group (CBG) based HARQ feedback will also be supported in NR. For CBG based HARQ feedback, the code blocks in one transport block are grouped into CBGs and there is one HARQ A/N bit for each CBG. Hence there can be multiple HARQ A/N bits for one transport block when CBG based feedback is configured.
[bookmark: _Toc471138459][bookmark: _Toc471138597][bookmark: _Toc471138630][bookmark: _Toc471478738][bookmark: _Toc477874433][bookmark: _Toc477876072][bookmark: _Toc477882840][bookmark: _Toc478149915][bookmark: _Toc471138460][bookmark: _Toc471138598][bookmark: _Toc471138631]In addition to single HARQ A/N bit per transport block as LTE, NR also supports multiple HARQ A/N bits per transport block.
Impact from multi-bit HARQ feedback
When there is considerable interference or fading differences between OFDM symbols during an NR TTI, some code blocks may be correctly decoded and some may not. Instead of retransmitting the whole transport block NR supports that only the incorrectly received code blocks are retransmitted. RAN1 expects a performance improvement with this scheme. However, the impact on MAC design was not discussed in RAN1.
If the CBG based HARQ feedback is delivered to MAC layer directly and MAC schedules the retransmission according to the CBG based HARQ feedback, MAC layer has to construct the MAC PDU considering the NACKed CBGs based on the knowledge of the code block dividing in physical layer, which mixes the scheduling/link adaptation function in MAC and the encoding function in physical layer. Such cross-layer operation breaks the current protocol layer philosophy and increases the complexity in the MAC layer. From this perspective, cross-layer operation due to CBG based feedback should be avoided. That is, the CBG level feedback should be restricted in physical layer and the physical layer shall still derive and report one HARQ A/N bit for each transport block even when CBG based HARQ feedback is configured. An example of this is shown in Annex. In the model standardized in LTE the MAC layer "attempts to decode" the transport block and based on this it reports ACK or NACK to the physical layer.
[bookmark: _Toc477874434][bookmark: _Toc477876073][bookmark: _Toc477882833][bookmark: _Toc478149913]The multi-bit HARQ feedback and CBG-based retransmission scheme are transparent in the MAC specification, i.e. the MAC layer always uses 1 HARQ A/N bit per transport block.
Conclusion
In section 2 we made the following observations:
Observation 1	In addition to single HARQ A/N bit per transport block as LTE, NR also supports multiple HARQ A/N bits per transport block.

Based on the discussion in section 2 we propose the following:
Proposal 1	The multi-bit HARQ feedback and CBG-based retransmission scheme are transparent in the MAC specification, i.e. the MAC layer always uses 1 HARQ A/N bit per transport block.
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[bookmark: _Ref477784800][bookmark: _Ref477790503][bookmark: _Ref174151459][bookmark: _Ref189809556]3GPP TR 38.802-200 Physical Layer Aspects, Section 6.2.1, 6.2.2
Annex – Example of HARQ operation
In this annex we provide an example of how the interaction between L1 and L2 can be modelled. In this example a transport block TB1 is split into 5 code block groups. Transmission of two of them fails initially and must be rescheduled. The intention has been to maintain an interaction between L1 and L2 in the UE like the corresponding function in LTE. The first figure shows the scenario for DL HARQ and the second figure shows the scenario for UL HARQ.


Figure 2 – Example of DL HARQ operation


Figure 3 – Example of UL HARQ operation
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