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Introduction
In RAN1 #90bis meeting, the following agreements were made [1]:
	Agreement: 
The first Working Assumption from RAN1#90 AI 6.1.4.1.2 and the first Working Assumption from NR AH#3 AI 6.4.1.3 are combined and agreed as modified below:
· For initial transmissions with code rate Rinit > 1/4, BG2 is not used when TBS>3824 
· If the FFS on UE capabilities w.r.t. support of both BGs is resolved such that it is possible that a UE does not support BG1, then the above bullet only applies if the UE supports BG1. 
· BG2 is used for initial transmissions with code rate Rinit <= ¼ for all TBS supported at that code rate
· For BG2 with TBSs larger than 3824, the TB is segmented into CBs no larger than 3840
· TBS determination for all code rates shall ensure that no zero padding is necessary with BG1 segmentation; TBS determination shall also strive to achieve no zero padding also with BG2 segmentation; any special cases are only permitted for BG2. 
· If needed for BG2 segmentation, zero padding is added during segmentation, with the padding being placed at the beginning of the first code block prior to CB-CRC calculation; padding bits are transmitted. 
FFS: Byte- or something-alignment of CB sizes.

Agreement: 
For block lengths K≤308:
· BG2 is used for all code rates




In RAN1 #90bis meeting, the following remaining issue was identified for further study [1]:
	Question: How to determine the BG of the initial transmission, including when segmentation with BG2 is applied? 
Problem: How to let the receiver identify the BG on a retransmission when the MCS is changed such that the BG selection would differ from the initial transmission when initial PDCCH assignment is missed, followed by DTX->NACK error?  
Options:
Alt 1: Explicit indication of BG in DCI 
· Most robust solution, fixes all error cases
· But increases overhead
· LG, ZTE, Nok, Fuji, CATT,  MTK
Alt 2: Determine TBS and BG from MCS field in DCI, and either:
· Intel, Sams, DCM, Eri, QC, HW, 
· a) apply additional* restrictions to the MCS set of all retransmissions to ensure that the TBS calculation results in the same BG selection as for the initial transmission
· b) enable TBS and BG to be derived from the MCS field unambiguously for both initial and retransmissions, without additional* restrictions on the MCS set for retransmissions
* additional meaning on top of the restrictions that would anyway apply if the BG was explicitly known.  
Study the above further until RAN1#91. 



In this contribution, we would like to share our views on the issues of BG selection for NR eMBB data channel. 
Discussions
The importance of DCI missing and DTX->NACK error
There are many different states around PDCCH/PDSCH reception coupled with ACK/NACK indication, some of which are common and some of which are rare. There are also some of which that are recoverable without Higher Layer involvement and some of which that are not.
DCI missing happens mainly due to decode error, but the probability pDTX of this event should be designed to be less than 10-2 for efficient transmission. Similarly, the design principle of HARQ feedback should make the probability pDTX_NACK of DTX->NACK error smaller than 10-4. Therefore, the probability that DCI missing and DTX->NACK error happen in the same time would be sufficiently small, pDTX * pDTX_NACK around 10-6.
In initial transmission, gNB transmits the data within RV 0. If DCI is missing in initial transmission and DTX is decoded as NACK, gNB would retransmit the data with suitable RV. If this RV data can be self decodable, UE still can decode. The occurrence probability of this case is 10-6.
If DCI is missing in 2nd transmission and DTX is decoded as NACK, gNB would also retransmit the data with suitable RV. UE can use this data to do soft combining with previous transmitted data and then decode. The occurrence probability of this case is 10-7. It means DTX to NACK error is a rare case.
Another case is that DCI missing but DTX->ACK error happens, gNB would infer that the UE has received and decoded the target transport block (TB) successfully while in fact the UE has not. The target TB will never be retransmitted by gNB and received by UE without higher layer involvement, therefore it can be expected that DTX->ACK error would result in larger transmission latency than DTX->NACK error. If the probability pDTX_ACK is 10-5, the probability of this case with initial transmission is 10-7. The latency is exacerbated further by NDI being toggle based, meaning that the gNB will toggle NDI and to the UE it will look like a continuation of the previous already ACK-ed process, thus resulting in the next process being lost too (total of two successive processes lost). In fact the UE will respond with an ACK without even attempting a decode because it will infer the gNB did not receive the previous ACK prior to the missed DCI. In total two successive processes will be lost by the UE, yet both interpreted by the gNB as correctly received and ACK-ed by the UE. In other words, DTX->NACK error is not the worst case or DTX->ACK error is equally important. However, DTX decoding error still works fine in LTE.
Observation 1: To solve a problem with occurrence probability less than 10-6, the effort and gain should be considered.
Analysis on BG indication options
There are several options discussed in RAN1 #90bis meeting, our views for each option and our proposal are as below.
Alt 1: Explicit indication of BG in DCI
Using DCI to indicate the BG is a straightforward way to fix all error cases but at the cost of 1-bit DCI signaling overhead. One big question is raised: the impact of 1-bit signaling overhead. DCI resource is very precious, since the targeted BLER of PDCCH is lower than that of PDSCH or PUSCH and the resource of PDCCH is limited. How much gain can be obtained by increasing one-bit DCI within such rare case? It needs very careful evaluation. Furthermore, there is no rule for explicit indication of BG selection by DCI. We propose the criterion of BG selection should follow the agreements in coding session of BG selection to achieve better performance at gNB side. And this should be clearly defined in the specifications although this depends on gNB scheduling flexibility. 
Proposal 1: The impact on increasing one-bit DCI should be evaluated. 
Proposal 2: Even one-bit DCI is signalled for BG selection, the BG selection rule should follow the 3GPP agreements with certain TBS and CR range. 
Alt 2a and Alt 2b: Determine TBS and BG from MCS field in DCI
In Alt 2a, BG is determined with additional restrictions to the MCS set of all retransmissions to ensure that the TBS calculation results in the same BG selection as for the initial transmission. Alt 2a implies the TBS and MCS rule for BG determination in initial transmission should be obeyed for retransmissions. That is, different MCS and RE resource allocation combinations should derive the same TBS. If the TBS formula can be well defined with the same TBS derived by different MCS and RE resource allocation combinations, gNB can use Alt 2a to schedule the retransmitted data with flexibility and prevent the ambiguity of BG selection.
Alt 2b enables TBS and BG to be derived from the MCS field unambiguously for both initial transmission and retransmissions, without additional restrictions on the MCS set for retransmissions. There places more restriction on TBS and MCS rule for BG determination and as such in our view it is less preferred.
In general, both options can work but with less flexibility in MCS for retransmission. For example, considering a scenario of 308 < TBS < 3824 with initially nominal CR > 0.67, BG1 should be selected for the initial transmission based on current agreements. Assume the initial transmission DCI is missing and gNB has DTX->NACK error, gNB follows the RV = [0 2 3 1] for transmission. Then, Alt 2a and 2b only allow gNB to use BG1 retransmission with CR > 0.67. Since initial transmission is missing and any retransmission with selected CR > 0.67, the correct reception would only be possible after the 2nd retransmission with RV = 3 which results in large latency. Note that RV = 2 has no self-decodability for CR> 0.67. However, the probability of this case is not high. From that we know both options have some limitations on higher code rate and small TBS transmission, although this is a rare case.  However, we think Alt 2a has less specification impact therefore preferred.
Observation 2: Alt 2a and 2b have some limitations on higher code rate and small TBS transmission.
Proposal 3: Alt 2a has less specification impact and flexible scheduling with different MCS and RE resource allocation combinations and should be adopted.
Other alternatives
To tackle the problem of less MCS flexibility for retransmission in Alt 2b, ideally a UE should know whether a transmission is the initial one or a retransmission so that a separate BG indication rule for retransmission can be designed and not limited by the rule for initial transmissions. Unfortunately, the knowledge about the state of the current transmission is  not available to the UE which gives the gNB less MCS scheduling flexibility. Moreover, the New Data Indicator (NDI) is toggled based and as such it cannot be used for indicating initial transmission, e.g. if the DCI for initial transmission is missing and DTX->NACK error occurs, the toggled-based NDI in retransmission would be misleading and it is problematic to indicate initial transmission.
Alternatively, we propose that BG determination is a function of MCS, TBS, and RV, where RV = 0 can be regarded as initial transmission, and RV > 0 can be regarded as a retransmission. Based on that, it is possible to design different BG determination rules for initial transmission and retransmissions. This allows more flexibility in MCS for retransmissions, e.g. in the example of 308 < TBS < 3824 with initially nominal CR > 0.67, with different BG determination for retransmission, it is possible for gNB to use BG1 with lower CR to achieve successful reception quicker.
MCS table would use 5 bits as indication. Figure 1 shows an example of BG usage and determination for initial transmission which follows BG selection agreement. Each MCS and TBS combination would result into a BG. Figure 2 shows the exemplary rule for retransmission, which is not limited by the MCS and TBS configurations of the  initial transmission and allows more flexibility for the retransmission rule design. The basic idea is that MCS index would not be reused in BG1 or BG2 selection in retransmission. For example, BG1 can use odd MCS indices while BG2 can use even MCS indices. This is a better trade-off between supported CR range and CR resolution for each BG in retransmission. To identify if this transmission is an initial transmission or retransmission, we can use RV index. Normally, RV 0 would be used for the initial transmission and RV > 0 would be used in a retransmission. In other words, the resolution of MCS in retransmission is reduced by half. In this alternative, the initial transmission still can have full resolution of MCS and retransmission has half MCS resolution. The impact of half MCS resolution in retransmission is very small. This alternative is a trade-off between Alt 1 and Alt 2a. 
The only drawback of this alternative is in the case of chase combining with RV = [0 0 0 0] used with the above BG determination of the initial transmission and retransmissions. However, the use case of RV = [0 0 0 0 ] is rare and since RV = 3 is also self-decodable, the gNB could instead use the case RV = [0 3 3 3] to almost the same effect.
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Figure 1: Example of BG usage determination for initial transmission.
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Figure 2: Example of BG usage determination for re-transmission.
Proposal 4: BG determination is a function of MCS, TBS, and RV. Initial transmission can use full resolution MCS and retransmission can use half resolution MCS in order to correctly determine BG. 
Conclusion
The following summarizes the observations and proposals in this contribution.
Observation 1: To solve a problem with occurrence probability less than 10-6, the effort and gain should be considered.
Observation 2: Alt 2a and 2b have some limitations on higher code rate and small TBS transmission.
Proposal 1: The impact on increasing one-bit DCI should be evaluated. 
Proposal 2: Even one-bit DCI is signalled for BG selection, the BG selection rule should follow the 3GPP agreements with certain TBS and CR range.
Proposal 3: Alt 2a has less specification impact and flexible scheduling with different MCS and RE resource allocation combinations. Alt 2a can be supported to be adopted.
Proposal 4: BG determination is a function of MCS, TBS, and RV. Initial transmission can use full resolution MCS and retransmission can use half resolution MCS in order to correctly determine BG.
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