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Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved. In RAN1 #89, the following agreements were made on CBG based retransmission.
Agreement: 
· In single CW configuration, the maximum configurable number of CBGs per TB is 8
· The possible max number of CBGs per TB is 2, 4, 6, 8
· In multiple CW configuration, the maximum configurable number of CBGs per TB is 4
· In multiple CW configuration, the configured maximum number of CBGs per TB is the same between TBs 
Agreements:
· For the case when the semi-static HARQ-ACK codebook with HARQ-ACK multiplexing which includes HARQ-ACK corresponding to all the CBGs (including the non-scheduled CBG(s)) is used,
· NACK is reported for all the CBGs if TB CRC check is not passed while CB CRC check is passed for all the CBs
· NACK is mapped for the empty CBG index if the number of CBs for a TB is smaller than the configured maximum number of CBGs
Agreements:
· When UE is configured with CBG based retransmission, for the PDSCH scheduled by PDCCH using fallback DCI, TB level HARQ-ACK feedback is used at least for the case without HARQ-ACK multiplexing
· FFS whether this operation is applied even for the case with HARQ-ACK multiplexing
· Note: this means that fallback DCI does not support CBG level HARQ-ACK feedback

Agreements:
1. In case configured with CBG based retransmission, CBGTI, CBGFI, and NDI are separately indicated in the same DCI.
1. In case with CBG based retransmission and multiple CW configuration, single CBGFI is indicated in DCI and commonly applied for both two TBs. 
1. Discuss further on the detailed DCI composition for CBG based retransmission such as reinterpretation of MCS/TBS field to CBGTI. 
1. Discuss further on the detailed HARQ-ACK feedback with CBG in terms of TB level HARQ-ACK, HARQ-ACK bundling, HARQ-ACK composition, with consideration of overall HARQ-ACK codebook design. 
1. Compressed CBG level HARQ-ACK feedback scheme except for HARQ-ACK bundling is not supported in Rel-15.
1. No additional CB grouping method is introduced in Rel-15.


It can be observed that there are many open issues in CBG based retransmission schemes. In this contribution, we describe our views on HARQ-ACK transmission with CBG based retransmission. .

Uplink Feedback Channel Structure for Indicating the HARQ-ACK for CBGs
In CBG based transmission, for indicating the HARQ-ACK it is agreed that the number of CBG HARQ ACK bits for a transport block is equal to that of the number of CBGs configured. As explained in [1], we recommend to use RRC configuration for indication of the number of CBGs, hence the number of HARQ ACK bits should be configured by RRC signaling. 
With multi antenna CBG based transmission, we prefer to have HARQ-ACK bits are defined for one codeword if the transmission rank is less than 4 and when the UE is scheduled with two codewords for 5-8 layer transmission, we prefer two sets of HARQ-ACK bits for their respective codewords as codeword bundling will nullify the gains achieved with CBG based transmissions.
Based on the discussion above, we envision two design options for uplink feedback channel design:
· Option 1:  Fixed structure for HARQ-ACK bits for CBGs: In this scheme the number of HARQ-ACK bits equal to the number of CBGs configured. This scheme is simple and is a direct extension of   HARQ-ACK for LTE for CBG. 
· Option 2:  Adaptive structure of HARQ-ACK bits for CBGs:  In this scheme, instead of using fixed number of HARQ-ACK bits for CBGs, we use an additional TB level HARQ-ACK bit as shown in Figure 1, so that if the network detects this bit and say it is ACK, then it can neglect the contents of the other HARQ-ACK bits for CBGs as the TB is already passed. On the other hand, if the network detects TB level HARQ-ACK and determines that the TB is a NAK, then it needs to detect the CBG based HARQ-ACK bits to identify which CBGs are in error. In this way, we can reduce the signaling overhead for HARQ-ACK bits when the number of CBGs configured are large.
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Figure 1Adaptive HARQ-ACK structure

[bookmark: _GoBack]Note that with option 2 support of both TB level and CBG level HARQ-ACK and at the same time reduces the signaling overhead. 
Proposal 1: We prefer an adaptive structure for indicating he HARQ-ACK for CBGs, which includes TB level HARQ-ACK in addition to CBG level HRQ-ACK 
Reducing the Overhead for Uplink Feedback Channel 
Note that, with CBG based transmission the signaling overhead is very high if the number of CBGs configured is very high. To understand the HARQ statistics for CBG based transmission we show the link simulations with many code blocks. Figures 1, 2, and 3 shows the probability of failure of one codeblock segment while the rest of the codeblock segments are passed at 4.5 GHz frequency at high, medium and low SNRs respectively for 4X4 MIMO system.[image: ]

Figure 1 Probability of failure of only segments with SNR = 20 dB as a function of speed 
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Figure 2 Probability of failure of only segments with SNR = 10 dB as a function of speed
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Figure 3 Probability of failure of only segments with SNR = 0 dB as a function of speed

The probability of failure of only one segments increases with the speed at all geometries. The same case applies for 2 code block segments etc. Note that the CBG based transmission is effective when the number of code blocks/CBGs which are in error is less. If more CBs/CBGS are in error, TB level HARQ-ACK procedure used for LTE system is beneficial in terms of signaling overhead. Hence we recommend that RAN1 should study options for reducing the HARQ-ACK overhead with CBG based transmission.  
Proposal 2: RAN1 should study schemes for reducing the signaling overhead for HARQ-ACK with CBG based transmission 

For example, if the network configures the UE to report HARQ-ACK on CBGs when only one CBG is in error and say the value of N = 8. Then in legacy systems, we need to use 8 bits to indicate which CBGs are in error. However, since network configures the UE to report HARQ-ACK only when CBG is in error, it can use 3 bits to indicate which CBG is in error as shown in Table 1. Note that in this case TB level HARQ-ACK can be used to determine if all the CBGs are in error or error free.

Table 1 Proposed HARQ-ACK mapping for CBGs
	HARQ-ACK  bit combination
	  CBG number which is a NAK

	001
	1

	010
	2

	011
	3

	100
	4

	101
	5

	110
	6

	111
	7

	000
	8




Conclusions
In this contribution, we presented our views on uplink feedback channel design with CBG based transmission.    Based on our observations, 
We have the following proposal:
Proposal 1: We prefer an adaptive structure for indicating he HARQ-ACK for CBGs, which includes TB level HARQ-ACK in addition to CBG level HRQ-ACK 

Proposal 2: RAN1 should study schemes for reducing the signaling overhead for HARQ-ACK with CBG based transmission 
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