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1. Introduction
At the 3GPP TSG RAN1 NR #90bis meeting, the following agreements for BG determination have been achieved [1]:
Agreement: 
For block lengths K≤308:
· BG2 is used for all code rates
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. 
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
· Alt 2: Determine TBS and BG from MCS field in DCI, and either:
· 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. 
And, at the 3GPP TSG RAN1 NR #90 meeting, the following agreement for extending information length (X) and code rate (Y) for BG2 has been achieved [2]:
Agreement: 
X=3840, Y=0.67
In this contribution, the BG determination for HARQ is discussed. 
2. BG usage for transmission
According to the agreements in [1][2], the base graph index can be determined for the first transmission according to transport block size (TBS) and code rate. As shown in Figure 1, base graph 1 is used when the pair of TBS and code rate can satisfy the following conditions: TBS is between 292 to 3824 and code rate is larger than 2/3, or the TBS is larger than 3824 and code rate is larger than 1/4. Furthermore, base graph 2 is used when the pair of TBS and code rate can satisfy the following conditions: TBS is less than 292 for all code rates, or TBS is between 292 to 3824 and code rate is less than 2/3, or the TBS is larger than 3824 and code rate is less than or equal to 1/4. However, the above condition cannot be used for retransmission. For example, when BG1 is used for initial transmission in the none shadowing region of the pair of TBS and code rate, it is possible that BG1 is used for retransmission in the shadowing region of the pair of TBS and code rate because code rate lower than 1/4 may be used for retransmission with BG1 in order to derive low latency receiving. When BG2 is used for initial transmission in the shadowing region, it is possible that BG2 is used for retransmission in the none shadowing region because code rate higher than 2/3 may be used for retransmission with BG2 in order to derive high efficiency receiving. Therefore, for retransmission when TBS is larger than 292, it is possible that BG1 may be used in the low code rates region and BG2 may be used in the high code rate region. 


Figure 1	BG Determination for Initial Transmission
Observation 1: For retransmission, when TBS is larger than 292, BG1 can be used in the shadowing region of pair of TBS and code rate belonging to BG2, and BG2 can also be used in the none shadowing region of pair of TBS and code rate belonging to BG1.
Observation 2: The switch condition between BG1 and BG2 is different for the first transmission and retransmissions.
3. BG Ambiguity for HARQ
For Carrier Aggregation (CA) and the scenario when the number of downlink slots is larger than the number of uplink slots, there may exists ambiguity between NACK and DTX, which means that gNBs may fail to distinguish an initial transmission and its retransmission. 
Observation 3: For Carrier Aggregation (CA) and the scenario when the number of downlink slots is larger than the number of uplink slots, when PDCCH is missed, there may exists ambiguity between NACK and DTX,  that is to say, gNB may fail to receive DTX and send data in the way of retransmission.
In general, when there is ambiguity between NACK and DTX in HARQ feedback, RV3 can be used for the next retransmission. If the actual state of the initial transmission is DTX, self-decodable RV3 can be regarded as the initial transmission packet at the receiver. If the actual state of the initial transmission is NACK, self-decodable RV3 can be regarded at the receiver as the first retransmission packet which provides extra incremental redundancy parity bits. When there isn’t ambiguity between NACK and DTX in HARQ feedback, RV2 can be used for the first retransmission.
For initial transmission, base graph index can be uniquely determined by MCS index and TBS, wherein TBS can be calculated according to scheduling control information from DCI. For LTE, when the control information of New Data Indicator (NDI) in DCI is toggled (changing from ‘0’ to ‘1’ or  changing from ‘1’ to ‘0’), the transmission data is considered as initial data (or new data), and the transmission data is considered as retransmission data when NDI is not toggled. As shown in Figure 2, it is assumed that one DCI corresponding to an initial transmission is missed at the time T0 because PDCCH is received wrongly, and the aforementioned DCI is received successfully at the time T1. It is assumed that NDI is toggled at the time T0 by gNB. However, it is assumed that NDI is toggled at the time T1 by UE.  So the gNB think that T1 is the time corresponding to the first retransmission, but the UE think that T1 is the time corresponding to initial transmission. As a result, gNB and UE have different understanding between initial transmission and retransmission, which is illustrated by Figure 2. Because the switch condition between BG1 and BG2 is different for the first transmission and retransmissions, there will be BG ambiguity between gNB and UE when PDCCH is missed. 
Observation 4: For Carrier Aggregation (CA) and the scenario when the number of downlink slots is larger than the number of uplink slots, when PDCCH is missed,  gNB and UE have inconsistent understanding between initial transmission and retransmission, which leads to BG ambiguity between gNB and UE because the switch condition between BG1 and BG2 is different for the first transmission and  retransmission.


Figure 2 Examples for BG Ambiguity for HARQ with toggled NDI 
[bookmark: _GoBack]When PDCCH is missed for CA as shown in Figure 2, initial transmission and retransmission cannot be distinguished by toggled NDI at UE. As a consequence, BG1 and BG2 cannot be distinguished. Therefore, other existing control information such as redundancy version can be used to distinguish initial transmission and retransmission (and hence to distinguish BG1 and BG2).
Observation 5:  For Carrier Aggregation (CA) and the scenario when the number of downlink slots is larger than the number of uplink slots, when PDCCH is missed, NDI itself cannot distinguish initial transmission and retransmission,  RV can be used to distinguish initial transmission and retransmission.
4. Solution
 In order to avoid BG ambiguity for HARQ described above without additional signal, it is necessary to use existing signal such as redundancy version in DCI to indicate BG index. In this contribution, redundancy version and MCS index are used to indicate BG index when PDCCH is missed for CA. An example of MCS table including fields of {MCS Index, Modulation Order, Code Rate and Base Graph Index} for 64QAM is shown in the Table 1. All MCS indexes are divided into 2 sets: IMCSSet0 and IMCSSet1. The MCS index in IMCSSet0 indicate BG1 and MCS index in IMCSSet1 indicate BG2, wherein, IMCSSet0 = {1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27} and IMCSSet1 = {0, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28}. For redundancy version of RV0, 3 fields of {MCS Index, Modulation Order and Code Rate} in MCS table are used, where MCS Index only indicates Modulation Order and Code Rate. For redundancy version of RV1/RV2/RV3, 4 fields of {MCS Index, Modulation Order, Code Rate and Base Graph Index} in MCS table are used, where MCS Index not only indicates Modulation Order and Code Rate, but also indicates Base Graph Index. 


Figure 3 BG determination for retransmission when PDCCH is missed for CA

The diagram of BG determination for retransmission is shown in Figure 3. If redundancy version is RV0, Modulation Order and Code Rate are indicated be MCS index. TBS is calculated by code rate, modulation order, number of layers and number of PRBs [1]. Then base graph index is decided by code rate and TBS. If redundancy version is RV1/RV2/RV3, Modulation Order, Code Rate and Base Graph Index are directly indicated by MCS index. Since the redundancy version and MCS index are always included in DCI for each transmission, the proposed solution can effectively solve BG ambiguity for HARQ when PDCCH is missed for CA. 
Table 1 	An example of MCS Table
	
MCS Index

	
Modulation Order

	Code Rate 
×  [1024]
	Base Graph Index for retransmission

	0
	2
	120
	2

	1
	2
	157
	1

	2
	2
	193
	2

	3
	2
	251
	1

	4
	2
	308
	2

	5
	2
	379
	1

	6
	2
	449
	2

	7
	2
	526
	1

	8
	2
	602
	2

	9
	2
	679
	1

	10
	4
	340
	2

	11
	4
	378
	1

	12
	4
	434
	2

	13
	4
	490
	1

	14
	4
	553
	2

	15
	4
	616
	1

	16
	4
	657
	2

	17
	6
	438
	1

	18
	6
	466
	2

	19
	6
	517
	1

	20
	6
	567
	2

	21
	6
	616
	1

	22
	6
	666
	2

	23
	6
	719
	1

	24
	6
	772
	2

	25
	6
	822
	1

	26
	6
	873
	2

	27
	6
	910
	1

	28
	6
	948
	2

	29
	2
	reserved

	30
	4
	

	31
	6
	



Proposal 1: For RV0, Base graph index is determined by the BG switch condition of initial transmission. 
Proposal 2: For RV1/RV2/RV3, Base graph index is determined by the BG switch condition of retransmissions.
Proposal 3: For the BG switch condition of retransmissions, odd MCS index indicates BG1 and even MCS index indicates BG2.
5. Conclusion
In this contribution, a solution to solve BG ambiguity for HARQ is proposed. In summary, we have the following observations and proposals.
Observation 1: For retransmission, when TBS is larger than 292, BG1 can be used in the shadowing region of pair of TBS and code rate belonging to BG2, and BG2 can  also be used in the none shadowing region of pair of  TBS and code rate  belonging to BG1.
Observation 2: The switch condition between BG1 and BG2 is different for the first transmission and all retransmission.
Observation 3: For Carrier Aggregation (CA) and the scenario when the number of downlink slots is larger than the number of uplink slots, when PDCCH is missed, there may exists ambiguity between NACK and DTX,  that is to say, gNB may fail to receive DTX and send data in the way of retransmission.
Observation 4: For Carrier Aggregation (CA) and the scenario when the number of downlink slots is larger than the number of uplink slots, when PDCCH is missed,  gNB and UE have inconsistent understanding between initial transmission and retransmission, which leads to BG ambiguity between gNB and UE because the switch condition between BG1 and BG2 is different for the first transmission and  retransmission.
Observation 5:  For Carrier Aggregation (CA) and the scenario when the number of downlink slots is larger than the number of uplink slots, when PDCCH is missed, NDI itself cannot distinguish initial transmission and  retransmission,  RV can be used to distinguish initial transmission and retransmission.
Proposal 1: For RV0, Base graph index is determined by the BG switch condition of initial transmission. 
Proposal 2: For RV1/RV2/RV3, Base graph index is determined by the BG switch condition of retransmissions.
Proposal 3: For the BG switch condition of retransmissions, odd MCS index indicates BG1 and even MCS index indicates BG2.
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