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1. [bookmark: DocumentFor][bookmark: _Ref449341288][bookmark: _Toc273549427]Introduction
At the RAN1 #88 meeting, the following agreement was made regarding CBG-based retransmission:
	Working assumption:
· CBG-based transmission with single/multi-bit HARQ-ACK feedback is supported in Rel-15, which shall have the following characteristics:
· Only allow CBG based (re)-transmission for the same TB of a HARQ process
· CBG can include all CB of a TB regardless of the size of the TB – In the such case, UE reports single HARQ ACK bits for the TB
· CBG can include one CB
· CBG granularity is configurable


At the RAN1 #88b meeting, the following agreement was made regarding CBG-based retransmission [1]:
	Agreements:
· The UE is semi-statically configured by RRC signaling to enable CBG-based retransmission.
· The above semi-static configuration to enable CBG-based retransmission is separate for DL and UL.

Agreements:
· Confirm the working assumption as below.
· CBG-based transmission with single/multi-bit HARQ-ACK feedback is supported in Rel-15, which shall have the following characteristics:
· Only allow CBG based (re)-transmission for the same TB of a HARQ process
· CBG can include all CB of a TB regardless of the size of the TB – In the such case, UE reports single HARQ ACK bits for the TB
· CBG can include one CB
· CBG granularity is configurable
· FFS: for the case of re-transmission
· FFS on details of each option
· FFS: CBG is approximately aligned with symbol(s)
· Other options are not precluded


At the RAN1 #89 meeting, the following agreement was made regarding CBG-based retransmission.
	Agreements:
· For grouping CB(s) into CBG(s), following is adopted.
· With indicated number of CBGs, the number of CBs in a CBG changes according to TBS.
· FFS for the case of re-transmission or the case when the number of CBs is smaller than the indicated number of CBG 
· FFS “indicated” is realized by RRC, MAC, L1 signalling
[bookmark: OLE_LINK87]Agreements:
· At least following is supported.
· For a given number of CBGs for a given TB, the number of CBs per CBG should be as uniform as possible.
· The difference of CB number per CBG between any two CBGs is either 0 or 1.
· FFS on the detailed rule for the CB grouping.
· Study further benefit and realization of non-uniform CB distribution across CBGs.


In this document, we discuss CBG construction related content including unified / non-uniform size CBG.

2. Discussions
1 
2 
Uniform CB to CBG grouping
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Initial transmission for a TB
In RAN1#89, it was agreed that for a given number of CBGs for a given TB, the number of CBs per CBG should be as uniform as possible. However, the detailed rule for the CB grouping is still FFS. 
Below, we provide an equation that should accomplish an “as uniform as possible” grouping and at the same time assigns the slightly larger CBGs (if they exist) in the beginning of the slot. The reason is that these slightly larger CBGs are closer to the DMRS which should result in better decoding performance.   
Let numCB be the number of CBs that are contained in the TB and let numCBG be the number of indicated/configured CBGs. Then, the integer value R (R = numCB MOD numCBG) can be calculated. This value represents the number of CBs that cannot be evenly assigned to the CBGs. In other words, if R is larger than 0, then number of CBs cannot be evenly distributed to the CBGs.
Define further m=ceiling (numCB / numCBG) and n=m-1, then m should be the maximum number of CBs that shall be combined into one CBG and n is the minimum number of CBs that is grouped into CBGs. 

Equation 1:		  

In the formula above, CBGk represents the CBG with index k, . The i+mk represents the index of the mapped CBs. This index also starts from 0. Note: If the value of n-1 or m-1 is less than 0, the corresponding CBGk does not contain any CB.
Examples:
1) A TB which contains 14 CBs (CB0~CB13). The number of CBGs is configured to 4. Then, according to Equation 1, the result of CBs being grouped into CBGs is: CBG0={CB0, CB1, CB2, CB3}; CBG1 ={CB4, CB5, CB6, CB7}; CBG2 ={CB8, CB9, CB10}; CBG3 ={CB11, CB12, CB13};
2) A TB contains 3 CBs (CB0~CB2) and the number of CBGs is configured to 4. Then, according to Equation 1, the result of CBs being grouped into CBGs is: CBG0 ={CB0}; CBG1 ={CB1}; CBG2 ={CB2}; CBG3={NULL};
Retransmitted CBs with/without new TB for the same UE
For CBG retransmission, there are two possible retransmission methods, which have corresponding rules for CBs to be grouped into CBGs.
· Mode 1: For a UE, only the retransmitted CBGs are transmitted. This is the assumption of CBG based re-transmissions currently taken in RAN1
· Mode 2: the retransmitted CBGs are transmitted along with the new TB by time division or frequency division for the same UE in a slot. This could be introduced without breaking agreements and is described in more detail in our companion contribution [2].
Regardless the Mode, the CBG-based HARQ-ACK feedback is still performed according to the retransmitted CBGs. That means, for re-transmission, the CBs to CBGs grouping must be kept from the initial transmission. Considering the previous example, and assuming that CBG0 = {CB0, CB1, CB2, CB3} and CBG2 = {CB8, CB9, CB10} are retransmitted, then for retransmitted CBs, CBs are still grouped into CBG0 = {CB0, CB1, CB2, CB3} and CBG2 = {CB8, CB9, CB10}, and are fed back two HARQ-ACKs from UE.
For mode2, since the new TB and retransmission CBG belong to the same UE, the number of configured CBGs should include the number of CBGs retransmitted and the number of CBGs divided from the new TB. In this way, the number of CBGs fed back by the UE can be kept stable, that is, the number of HARQ-ACKs can be kept constant.
Proposal 1:  Equation 1 can be adopted for CBs to CBGs grouping.
Proposal 2: For retransmitted CBs, CBs to CBGs grouping should remain consistent with their initial transport grouping.
Non-uniform CB grouping
In RAN1#89 meeting, the codeword mapping order has been discussed in the MIMO topic, layer first, frequency domain second, then time domain has been agreed,, other mapping orders are FFS.  If only this mapping order is supported in NR, different CBs may map to different symbols or symbol groups. For example, consider a DL transmission in 3 layers with 64QAM modulation and 1/2 coding rate. If 900 Sub-carriers are allocated for the data channel of one UE, then each symbol has the ability to carry 8100 bits information, which is very close to the maximum CB size supported in NR. Thus, if the Layer->frequency->time order is used, CBs will be mapped to different symbols. For data transmission with higher number of layers, more allocated frequency resources, a lower  coding rate,  each  symbol can carry more than one CB. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In NR, it is likely to use MIMO techniques under dynamic TDD scenarios. Dynamic TDD is usually configured for a small cell deployment scenario.  It has a larger probability to achieve higher order spatial multiplexing due to the rich scattering in such scenario. In dynamic TDD scenarios, a receiver at either the UE side or the base station side may experience cross-link-interference.  An example is illustrated in figure 1. The cross-link interference is generated  at the last 3 OFDM symbols of PDSCH used by UE1 and the first 3 OFDM symbols of PUSCH used by UE2. The SINR in these symbols will be obviously lower than for other symbols. If 8 CBs would be mapped to 8 symbols respectively, the BLER of the 3 CBs mapped to the symbols 7, 8 ,9 is much larger than the BLER of other CBs. A similar situation exists if multiplexing of eMBB and URLLC is configured in partial symbols. Different puncturing possibilities may result in BLER differences between the CBs.

 
                                                                   Figure 1： an example of cross-link interference
If multiple CBs with different BLER are grouped to one CBG, when the BLER difference is large, there will be significant performance degradation. This situation can be avoided with a non-uniform CB grouping design.
Proposal 3:  Each CBG is grouped by CBs with similar BLER 
For more efficient retransmissions, we can consider to configure multiple regions, both for DL and/or UL data transmission. Each region has a similar interference situation or puncturing probability. E.g. in figure 2, for DL transmission, symbol 2-6 resembles one region and symbols 7, 8, 9 another region. For UL transmission, symbols 7, 8, 9 are mapped to one region and symbols 10-13 to another region. All CBs in one CBG belong to the same region. 


                                                                   Figure 1： multiple regions for CB grouping 
If a flexible CB configuration for each CBG is supported, how to then ensure a similar BLER within the group may be a implementation issue. ,Another method is to configure multiple regions for the PDSCH/PUSCH or PUSCH and then to apply uniform mapping rules as described in section 2.1 to each region individually.
Below, we provide the detailed design for region based CB grouping  scheme.
1) gNodeB can configure K regions for CB grouping to UE, here K>=1. Typical value of K is 2. Resource configuration for these regions are configured by high layer signaling.  
2) 


gNodeB configure,……   for K regions respectively.  
3) 


Determine the number of CB in each region, denote as, ,……  
4) For region p， the  mapping equation is



Proposal 4: RAN1 should allow for configurable intra-slot regions in which uniform CBG grouping in each region. 
Fine granularity CBG and CBG based ACK/NACK
Another solution to address the interference issue described in section 2.2 is to have finer granularity of CBG so that each CBG occupies less number of symbols. CBs in the same CBG are then likely to experience similar interference.   However, in such cases, a larger number of CBGs is needed which leads to higher ACK/NACK overhead if one ACK/NACK bit is allocated to each CBG.   This reduces the detection reliability of CBG based ACK/NACK and hence may cause coverage issues or reduce the use cases of CBG based ACK/NACK.   With one-to-one per CBG-ACK/NACK mapping, it is hard to consider both granularity of interference/URLLC pre-emption and the overhead of CBG based ACK/NACK in the CBG design.  It is more desirable to have a flexible design of CBG based ACK/NACK so that the number of ACK/NACK bits can adapt to different SINR regardless of number of CBGs.  
Considering it is likely to have only one region of data with higher interference level in a TB, it is not always necessary to encode all the CBG NACK patterns in the ACK/NACK feedback design.  It is sufficient in most of the cases to indicate which CBG starts to have a NACK and how many consecutive NACKs it has.   If we design the CBG size to fit to typical interference granularity, we may even skip the number of NACKs.  Then the position of the CBG with NACK is indicated.   If we have N CBGs, only N states is needed to represent these one-NACK patterns.  Then we have one state to represent the case with more than one NACK.  Together we only need N+1 states to represent all NACK cases.  
For example, if we have 8 CBGs, we need 8 bits to support per-CBG ACK/NACK.  
Here we only need 8 states to represent one CBG-NACK pattern.   i.e. 
{N,A,A,A,A,A,A,A},{A,N,A,A,A,A,A,A},{A,A,N,A,A,A,A,A},{A,A,A,N,A,A,A,A}
{A,A,A,A,N,A,A,A},{A,A,A,A,A,N,A,A},{A,A,A,A,A,A,N,A},{A,A,A,A,A,A,A,N}
One state is needed to represent other NACK patterns and one state represents per-TB ACK cases.
Then only 4bits is needed instead of 8bits.   With the rest of remaining un-used states, gNB also can use majority rule to decide whether it is per-TB ACK or per-TB NACK more reliably. 
Proposal 5:  NR supports lower overhead CBG based ACK/NACK feedback scheme which indicates only the start position of the first NACK and the number of consecutive NACKs.


3. Conclusion
Based on the analysis given above, we have the following proposals:
Proposal 1: Equation 1 can be adopted for CBs to CBGs grouping.
Proposal 2: For retransmitted CBs, CBs to CBGs grouping should remain consistent with their initial transport grouping.
Proposal 3:  Each CBG is grouped by CBs with similar BLER 
Proposal 4: RAN1 should allow for configurable intra-slot regions in which uniform CBG grouping in each region. 
Proposal 5:  NR supports lower overhead CBG based ACK/NACK feedback scheme which indicates only the start position of the first NACK and the number of consecutive NACKs.
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