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1. [bookmark: DocumentFor][bookmark: _Ref449341288][bookmark: _Toc273549427]Introduction
At the RAN1 #89[1] 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.


Furthermore, in RAN1#90[2] meeting, it was agreed:
	Agreements:
· At least for single CW case, at least support that the maximum number of CBGs per TB is indicated by RRC signaling
· FFS whether also support to indicate the number of CBGs per TB by L1 signaling
Agreements:
· For multiple CW cases, the following can be considered.
· Option 1. The gNB configures the maximum number of CBGs per TB.
· Each TB has the same maximum number of CBGs.
· Option 2. The gNB configures the maximum number of CBGs per TB.
· Each TB can be configured with different/same maximum number of CBGs.
· Note: the gNB configures two parameters on the maximum number of CBGs per TB to the UE.
· Option 3. The gNB configures the maximum number of CBGs to be shared by both CWs. 
· FFS: How to divide the total number of CBGs to two CWs
Agreements:
· For the purpose of further discussion, we conclude following:
· For the following discussion on CBG-based retransmission, define the terms CBGTI and CBGFI as below. 
· CBGTI (CBG transmission information) means information on which CBG(s) is/are (re)transmitted and, 
· CBGFI (CBG flushing out information) means information on which CBG(s) is/are handled differently for soft-buffer/HARQ combining
· [bookmark: OLE_LINK15][bookmark: OLE_LINK14]At least following is supported for DL CBG-based (re)transmission.
· A DCI includes both CBGTI and CBGFI.
· For single CW case, when N is the maximum number of CBGs configured by RRC
· N bits for CBGTI, and the other 1 bit for CBGFI
· FFS: whether re-interpret NDI as CBGFI
· FFS: whether CBGTI is re-interpreted as NDI 
· FFS: whether jointly using other field as CBGTI or CBGFI
· FFS on multiple CW case.
· At least following is supported for DL and UL CBG-based (re)transmission.
· A DCI includes CBGTI.
· For single CW case, N bits for CBGTI as configured by RRC
· FFS: whether CBGTI is re-interpreted as NDI 
· FFS: whether NDI is re-interpreted as CBGTI
· FFS: whether jointly using other field as CBGTI
· FFS on multiple CW case



In this document, which is based on the previous contributions R1-1712665, R1-1712666 and R1-1712667, we discuss CBG-based retransmission related issues, including the CBG number indication for each TB, the support of TB-level HARQ-ACK and non-uniform CBG construction.
2. Discussions
1 
2 
Dynamic indication CBG number for each TB in a single CW
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]At the RAN1 #90 meeting, it was agreed at least for the single CW case, to support at least that the maximum number of CBGs per TB is indicated by RRC signaling. It is still FFS whether to additionally also support to indicate the number of CBGs per TB by L1 signaling. In the Email discussion [NRAH2-08], [3], following options have been mentioned for down-selection to indicate the number of CBGs:
	· For the indicated number of CBGs per TB where “indicated” is realized by RRC, MAC, L1 signalling, the following options are considered for down-selection in RAN1#90. 
· Option 1. RRC signaling (for bit-field size)
· Option 2. L1 signaling (for indication the number of CBGs per TB) + RRC signaling (for bit-field size) 
· Option 3. both Option 1 and Option 2 


In our view, the maximum number of CBGs indicated by the RRC signaling will be the number of bits for the "bitmap" signaling that is used in the DCI to indicate which CBG is (re)transmitted. If the UE is configured in CBG mode and receives an indication for the number of CBGs, then the UE can assign the CBs to CBGs according to a predetermined rule. 
Option 2 above offers the benefit that the base station can dynamically modify the number of CBGs being indicated and thereby to adjust the HARQ-ACK bit overhead. This is not possible with option 1. There, the number of feedback bits remains constant. For example, assume in Option 1 that RRC signaling indicates the number of CBGs as 10. Then, the UE can always assign the CBs to 10 CBGs. The number of HARQ-ACK bits is determined based on the indicated number of CBGs (10), which results in a large signaling overhead.
For option 2, on the other hand, the number of CBGs is indicated as 10 through RRC signaling, but could be dynamically modified. If there for example is a shortage of PUCCH resources, or multi-TB feedback is employed, then the base station could use a smaller number of CBGs. With Option 2, the base station has the possibility to dynamically modify the CBG number being used which also gives more flexibility to handle the Ack/Nack feedback resources.
Proposal 1: At least for single CW case, it is supported that the maximum number of CBGs per TB is indicated by RRC signaling, and it is supported that the configured number of CBGs per TB can be modified by L1 signaling.
CBGs for two CWs
At the RAN1 #90[1] meeting, it was agreed:
	Agreements:
· For multiple CW cases, the following can be considered.
· Option 1. The gNB configures the maximum number of CBGs per TB.
· Each TB has the same maximum number of CBGs.
· Option 2. The gNB configures the maximum number of CBGs per TB.
· Each TB can be configured with different/same maximum number of CBGs.
· Note: the gNB configures two parameters on the maximum number of CBGs per TB to the UE.
· Option 3. The gNB configures the maximum number of CBGs to be shared by both CWs. 
· FFS: How to divide the total number of CBGs to two CWs


[bookmark: _GoBack]In order to keep the constant DCI payload which is beneficial for blind detection of PDCCH, the total number of CBGs should be same between the one and two CW(s) cases. After the total number of CBGs has been configured to N, the number of CBGs for first CW N0 and for the second CW N1 can be based on TB size or the allocated number of layers.  
E.g. N0 = floor (TBS0 /(TBS0 + TBS1)) * N,  or  N0 = floor ( RI0/ (RI0 + RI1))* N,  N1 = N - N0;
Proposal 2: The gNB configures the maximum number of CBGs to be shared by both CWs. The number of CBGs per CW is divided from the maximum number of shared CBGs based on TB size or the allocated number of layers.
Support of TB-level HARQ-ACK
[bookmark: OLE_LINK129][bookmark: OLE_LINK128]Considering that the target BLER of the initial PDSCH transmission is set to 10%, then in about 90% of the cases, the UE would transmit HARQ-ACK with all "ACK" if CBG-based HARQ-ACK feedback is configured. This will increase the HARQ-ACK overhead significantly and is an inefficient way for HARQ-ACK feedback. It requires more UCI overhead and more PUCCH resources compared to the TB-based HARQ-ACK. Only in case when a "NACK" happens, the CBG-based HARQ-ACK feedback is useful. Therefore, in our opinion it is necessary to introduce a dynamic switch between TB-based and CBG-based feedback depending on the UE reception in order to further improve efficiency. For example, TB-based HARQ-ACK and CBG-based HARQ-ACKs can be configured to share the same time/frequency resource, but they can be distinguished by different PUCCH formats. A UCI payload of 1~2 bits can be used for the TB-based HARQ-ACK. This transmission can be performed on separate resources to save overhead and energy if the TB has been decoded correctly. In case that the TB has not been received correctly, the PUCCH format with more than 2bits can be used. In such situation, CBG-based HARQ-ACKs corresponding to the decoding results of each CBG will be sent. Figure 1 below illustrates the feedback procedure for this method. Following this method, the UE power consumption can be decreased, or alternatively, the coverage can be increased. For similar power consumption, the TB-based HARQ-ACK will have better performance relatively to CBG-based HARQ-ACKs, due to the fewer HARQ-ACK bits that are needed. In order to achieve the same coverage for TB-based HARQ-ACK and CBG-based HARQ-ACKs, the TB-based HARQ-ACK requires less power which helps to reduce the uplink interference. As a consequence, the power consumption of the UE and the UL interference will be dramatically reduced since TB-based HARQ-ACK feedback has a lower working point and will frequently happen. It is acknowledged that this procedure slightly increases the detection complexity of the base station. However, this can be overcome with a proper design and is outweighed by the benefits associated with this method. 
It is noted that, according to current agreements, the PUCCH with large payload will not support multiplexing among different UEs within a certain time and frequency resource. Therefore, configuring the same time/frequency resource for TB based feedback and CBG based feedback for one UE will not cause any negative impact.



Figure1 - TB/CBG based HARQ-ACK feedback procedure
Extension of described method:
In some cases, for example, when the HARQ-ACK and other UCIs are transmitted from the UE at the same time, the total number of bits in the UCI will become larger than 2. Therefore, a PUCCH format greater than 2 bits is always enabled. In this case, if the UE still would execute the previously described method it will lead to a resource waste and also to the need to transmit two PUCCH resources at the same time which would increase the PAPR. In order to avoid this situation the previously described method could be extended: 
The UE should be configurable to dynamically select CBG-based HARQ-ACK/NACK or TB-based HARQ-ACK/NACK. If the UE knows that it will transmit HARQ-ACK and other UCIs simultaneously in one slot, it will generate the HARQ-ACKs based on the CBG and will transmit it along with other UCIs, regardless of whether all CBG are correctly decoded or not. The base station always knows whether other UCIs and HARQ-ACKs are transmitted from the UE, since this is up to gNB configuration. If the base station determines that the UE will need to transmit HARQ-ACK and other UCIs in a slot, the base station assumes that the HARQ-ACK in this feedback is formed based on CBG. The extended scheme is illustrated in Figure 2 below.


Figure 2  TB/CBG based HARQ-ACK with/without other UCI feedback process
[bookmark: OLE_LINK72]Proposal 3: RAN1 shall support the possibility of CBG based feedback together with TB-based feedback.
[bookmark: OLE_LINK29][bookmark: OLE_LINK28]Proposal 4: RAN1 shall support dynamic feedback based on TB or CBG HARQ-ACK in the same resource. The detailed method is FFS.
Considerations about UL load associated with CBG feedback: 
The CBG based feedback could imply a high signaling load. To unambiguously assign resources for each UE to send CBG feedback might not always be possible. One could therefore also consider an alternative method, resource sharing between multiple UEs to overcome possible bottlenecks. In such case, to ensure reliability, TB-based ACK/NACK would always be transmitted, using the 1-2 bits PUCCH format with high multiplexing capacity. Additionally, in case of a TB-NACK, the CBG-NACK feedback would be sent simultaneous with the TB-NACK. Considering the low probability of a TB-NACK, in most cases, just one UE at a time would utilize the shared resources to send CBG-NACK. If the gNB detects the CBG-NACK successfully it will only retransmit the failed CBGs. In case of an unlikely collision, the gNB might not be able to decode the CBG-NACK and will then resend the whole TB. This method could be considered as a trade-off between DL throughput and UL signaling.
Non-uniform CB grouping
In the 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 transmissions with a higher number of layers, more allocated frequency resources or a lower coding rate, each symbol can carry more than one CB. 
[bookmark: OLE_LINK4][bookmark: OLE_LINK3]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： Example for 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 5:  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 2： 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 an 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) The gNodeB can configure K regions for CB grouping to UE, here K>=1. Typical value of K is 2. Resource configurations for these regions are configured by high layer signaling.  
2) 


The 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



We show the performance results of uniform CB grouping and the region based CB grouping scheme in Figure 3 below.  In this simulation, cross link interference is assumed and the SIR is 6dB at the last two OFDM symbols. There are 7CBs in each TB. If uniform CB grouping is adopted and the CBG number is two, the CBG1 contains CB1-4 and CBG2 contains CB5-7.  If, on the other hand, the region based CB grouping scheme is adopted, two regions are configured, one contains the last two OFDM symbols and the other contains the first 12 OFDM symbols. The CBG number for each region is one. According to the grouping rule, CBG1 contains CB1-6 and CBG2 contains CB7.
[image: ]
Figure 3： Performance comparison between uniform CB grouping and region based CB grouping
In Figure 3, we observe a significant gain for the region based CB grouping scheme.   Since CBG2 in the uniform CB grouping scheme is obvious larger than CBG2 in the region based CB grouping scheme, the performance loss of uniform grouping scheme is mainly caused by the high BLER of CBG2.  More simulation assumptions can be found in the appendix. For the uniform scheme, the whole larger CBG2 has to be resent even if only the last CB actually failed to decode. With region based grouping, the sizes of CBG1 and CBG2 can be adjusted according to the SINR conditions. The CB which has an expected higher interference can be isolated in a CBG, so that in case of a decoding failure, only the corrupted CB has to be resent. The simulated BLER curves for the different CBG groupings are illustrated below in Figure 4. 
[image: ][image: ]
Figure 4： BLER curves for different CBG grouping schemes
Proposal 6: RAN1 should allow for configurable intra slot regions in which uniform CBG is performed for each respective region
Fine granularity CBG and CBG based ACK/NACK
Another solution to address the interference issue described in section 2.2 is to have a finer granularity of the CBGs 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 are 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 7:  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
In this contribution we discuss several important issues that are related to the CBG based (re)transmission and make proposals on open issues from previous agreements.
In order to e.g. balance the uplink feedback load, the gNB should have the flexibility to dynamically adjust the number of CBGs. Therefore, we are making the proposal 1 which resolves the FFS from the agreement from RAN1#90. 
Proposal 1: At least for single CW case, it is supported that the maximum number of CBGs per TB is indicated by RRC signaling, and it is supported that the configured number of CBGs per TB can be modified by L1 signaling.
Another issue that has to be resolved from the current agreements is the multi CW case. In our view, the DCI size shall not change regardless if 1 or multiple CW shall be configured. Therefore, the gNB should configure the maximum number of CBGs that are shared by the CWs. Then, how many CBGs are spent on each CWs can change. The TB size and number of layers being used for the different CWs might change dynamical. Therefore, we are making proposal 2:
Proposal 2: The gNB configures the maximum number of CBGs to be shared by both CWs. The number of CBGs per CW is divided from the maximum number of shared CBGs based on TB size or the allocated number of layers.
When CBGs are configured, the corresponding uplink load on the PUCCH has to be taken into account. Considering that the BLER target is set to e.g. 10%, in 90% of the cases an TB-Ack would occur. In this situation, it would be inefficient to always send a all CBGs as “Ack”, when it actually would be enough to just send the TB-ack. To address this issue, we are making the proposals 3 and 4.   
Proposal 3: RAN1 shall support the possibility of CBG based feedback together with TB-based feedback.
Proposal 4: RAN1 shall support dynamic feedback based on TB or CBG HARQ-ACK in the same resource. The detailed method is FFS.
To further increase the CBG performance, CBs with similar error probability should be combined in the same group. In several situations (e.g. cross-link interference), it is known that the interference in different symbols will be different. We have provided simulation results that show the benefit of introducing two groups within the TB and to perform uniform CBG construction with the group in accordance to the made agreements. The corresponding proposals are shown:  
Proposal 5:  Each CBG is grouped by CBs with similar BLER
Proposal 6: RAN1 should allow for configurable intra slot regions in which uniform CBG is performed for each respective region.
When decoding errors of CBGs happen, especially from cross link interference or pre-emption, several consecutive CBGs will be impacted. In order to reduce the feedback overhead, not every CBG needs to be fed-back individually:  
Proposal 7:  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.
4. Reference
[1] 3GPP Chairman's Notes RAN1_89_final
[2] 3GPP Chairman's Notes RAN1_90_final
[3] Chairman notes NR-AH2, Qingdao (June 2017)

5. Appendix
                                                                Table1     simulation assumption
	Simulation parameter
	value

	RB number
	100

	Channel model
	CDL-A

	Antenna configuration
	4Tx, 2Rx

	Frequency
	4 GHz

	Subcarrier space
	15 kHz

	MCS
	64QAM 1/2

	Control region
	1 OFDM symbol

	DMRS overhead
	 1 OFDM symbol

	Layer 
	2
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