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1. [bookmark: DocumentFor][bookmark: _Ref449341288][bookmark: _Toc273549427]Introduction
At the RAN1 NR#3 meeting intensive discussion on several topics related to CBG transmissions have taken place. Two agreements had been achieved [1] (see below):
	Agreements:
· For a UE configured with CBG-based (re)transmission, the same DCI payload size is assumed for initial transmission and retransmission for the same TB(s)
· Note that this doe not intend to address fallback DCI aspect
· L1 signalling to indicate the number of CBGs per TB is not supported in Rel-15



Furthermore, even if not expressed in agreements, progress has been achieved during off-line in various topics regarding the CBG transmissions. The discussed items are listed below and our view is given in the first section of the discussions.   
	Signaling of NDI and CBGTI in the DCI - Possible conclusion: 
· Further discuss relationship between NDI and CBGTI
Signaling of NDI and CBGFI in the DCI – Possible conclusion:
· Further discuss relationship between NDI and CBGFI
Maximum configurable number of CBGs – Possible agreement:
· The maximum configurable number of CBGs per TB is [4 or 8] 
Number of CBGs for multiple CW case:
· How to configure the maximum number of CBGs per TB 
· Alt 1: The maximum number of CBGs per TB is configured to be the same between TBs (majority) 
· Alt 2: The maximum number of CBGs per TB is separately configured for each TB 
· Alt 3: A single maximum number of CBGs is configured to be shared by multiple TBs
· Possible conclusion: 
· Need to discuss further on how to configure the maximum number of CBGs per TB in multiple CW case 
Handling of TB CRC check fail case:
· How to handle the case if TB CRC check is failed while CB CRC check is passed for all the CBs 
· Alt 1: NACK is reported for all the CBGs (Majority) 
· Alt 2: Different PUCCH format/resource is used 
· Alt 3: 1-bit TB-level A/N in addition to multi-bit CBG-level A/N
· Possible agreement: 
· For the case when the agreed 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. 



The most important part that has not been addressed in the previous off- and on-line discussions is the support TB-HARQ A/N fallback. In our view, this is an important feature which shall be supported for the efficient utilization of CBG based transmissions since it helps to significantly reduce the required UE power and UL interference. This aspect is treated in this contribution. 
2. Discussions
1 
2 
Remaining issues from RAN1 NR#3 that had been discussed
Give our view on the remaining issues from the introduction (for the sake of progress we will compromise) 
	Issue
	ZTE view

	Signaling of NDI and CBGTI in the DCI
	NDI separated from CBGTI

	Signaling of NDI and CBGFI in the DCI
	NDI separated from CBGFI

	Maximum configurable number of CBGs
	8
It still needs to be discussed if this number would apply for the multiple CW case, i.e. is 8 the maximum number of CBGs to be shared by CW1 and CW2?

	Number of CBGs for multiple CW case
	Our initial and preferred view is that that gNB indicates the number of CBGs that is shared by the CW. The number of CBGs spent per CW would then depend on the number of layers and/or TBS. However, we acknowledge the majority view in this aspect and are fine to accept a simple solution, i.e. the number of CBGs per CW is the same.

	Handling of TB CRC check fail case:
	Error case of TB-NACK when all CBGs are ACK: Send ALL CBG NACK




Discussion about TB-HARQ A/N fallback
Required SINR for different PUCCH formats and payloads
During the RAN1 studies about possible solutions for the PUCCH, various simulations have been carried out to evaluate the required SNR for different payloads and formats (e.g. R1-1710112 [2] and R1-1710113 [3] in RAN1 NR#3 and R1-1702797 [4] in RAN1#89). In [2] the required SINR is evaluated for up to two bits payload and in [3] for more than two bits. Some simulation results are summarized below. The simulations for low payload size have been carried out for 1/2-OS duration of the PUCCH whereas the simulations for the larger payload assumed a 2OS PUCCH. 
Table 1 – Required SNR for different PUCCH formats and payloads
	Payload
	1OS PUCCH (simulation, [2])
(sequence based)
	2 OS PUCCH [simulation, [4]]
(sequence based)
	2 OS PUCCH, medium payload
(simulation, [3])
	Usage

	1 bit
	6 dB
	0 dB
	-
	1 CW, TB-A/N

	2 bits
	6.5 dB
	0.5 dB
	-
	2 CW, TB-A/N

	4 bits
	-
	-
	3.8 dB
	4 CBG-A/N

	8 bits
	-
	-
	6 dB
	8 CBG-A/N

	16 bits
	-
	-
	10.6 dB
	16 CBG-A/N



Observation 1: For 8 CBGs configured, the CBG-A/N requires about 6dB stronger SNR than the TB-based A/N with the same duration of PUCCH. For 16 CBGs (e.g. in multi CW case), the difference is about 10dB. 
Observation 2: TB-A/N can significantly reduce the UE power consumption and UL interference. 
Use case for TB-HARQ A/N
For a target BLER of 10% for the initial transmission, in 90% of the cases all CBGs would report an ACK. Considering the simulation results in [2], [3] and [4] and the observations from the previous section, we make the following proposals: 
Proposal 1: When CBG transmissions are configured, TB-A/N fallback is supported.
Proposal 2: TB-HARQ A/N shall use the PUCCH format with payload of 1-2 bits
Proposal 3: TB-HARQ Ack can be used by the UE, when 
· “All CBGs = ACK” and TB CRC has been decoded correctly. TB-HARQ shall report an Ack in this case
Transmission scheme for CBG-A/N and TB-A/N
[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

Resource allocation for TB-HARQ and CBG-HARQ
The UE can be configured to operate with the short PUCCH or with the long PUCCH. The TB-HARQ A/N is feasible to operate with the 1-2 bits payload and obviously the CBG-HARQ A/N would use a larger payload.
Proposal 4: When CBG (re)transmissions are configured, TB-HARQ A/N is supported and can use a 1-2 bits payload. The CBG-HARQ A/N uses a payload of more than 2 bits. 
The resource allocation for both the short and long PUCCH when transmitting TB and CBG HARQ feedback is discussed below.
Short PUCCH:
For the short PUCCH, there are two payloads defined, i.e. 1-2 bits and more than 2 bits. The 1-2 bit payload supports UE multiplexing by sequences whereas the larger payload does not support multiplexing. 
The gNB needs to allocate resources for the CBG based feedback. These resources need to be unique for the UE, since no sharing with other UEs is supported. In case of that all CBG have been decoded correctly, the UE can re-use the allocated resources to transmit the TB-ACK instead.
Note, that in this case the 1-2 payload size will not be multiplexed with other UEs, thus it is not necessary to assign a certain cyclic shift or OCC, default values can be used instead (e.g. CS#0 and OCC = all ones). We also note that it is also possible that "All CBGs = NACK" and TB CRC has been decoded incorrectly. In this case the TB-HARQ shall report a NACK , while a CS or OCC is assigned to represent the TB NACK. However, this case is rare and it is also acceptable to not support in order to reduce CS resources.
Proposal 5: For short PUCCH, the TB-A/N with payload 1-2 bits can be transmitted on the resources that the gNB assigned for the CBG-A/N.
Long PUCCH:
For long PUCCH, there are two cases for to choose the payload for. 
a) TB-A/N with 1-2 bits and  CBG-A/N with medium payload
b) TB-A/N with  1-2 bits and CBG-A/N with large payload 
In case a) it is possible to multiplex several UEs with CBG-A/N on the same resources. But the multiplexing between these UEs will be realized in a comb-like FDM fashion (which is equivalent to employing pre-DFT OCC). 
The case b) can for instance occur when there are 2 CWs, and 8 CBGs are configured for each CW, and if payload sizes larger than 11 bits are considered to belong to the large payload format. The large payload format does not allow UE multiplexing. Thus, the resources allocated for the large payload CBG-A/N of one UE cannot be shared with other UEs. Thus, in the fall-back case, they can be re-used by the TB-A/N with 1-2 bits.
Proposal 6: For Long PUCCH, the TB-A/N with payload 1-2 bits can be transmitted on the resources that the gNB assigned for the CBG-A/N.
Blind decoding detection complexity
It could be argued that the presented method requires two blind decoding per UE on the gNB receiver side and therefore introduces more receiver complexity.
However, depending on the implementation, it can be expected that the actual complexity increase only is marginal. The gNB can firstly attempt to decode the PUCCH format supporting TB A/N feedback. This will be successful in 90% of the cases (BLER usually is operating at 10%). As a consequence, the gNB will successfully decode the PUCCH with just one detection attempt. Secondly gNB can tell which PUCCH format is used in the current transmission without full blind decoding, which can also dramatically reduce the complexity. 
For example, if PUCCH formats with 1/2 bits and with more than 2 bits are used for TB feedback and CBG feedback respectively, then the gNB can compare the sequence correlation result of the PUCCH format with 1/2 bits with the threshold (used to control false alarm probability) firstly in order to tell if the TB feedback has happened or not. In most of cases, a positive result will be obtained. If the detection shows there is no PUCCH format with 1/2 bits, gNB will decode PUCCH format with more than 2 bits. 
Another example is that the gNB firstly performs correlation for the sequence used as DMRS of the PUCCH with more than 2 bits and compares the correlation result with a threshold to decide if CBG feedback has happened or not. This correlation is much simpler since only one DMRS sequence is used which is known by the gNB. If the result is negative (in most attempts this will be the case), the gNB will perform detection of the PUCCH format with 1/2 bits. Otherwise, the PUCCH for CBG based feedback will be detected. 
Observation 3:  The receiver complexity of switching between TB and CBG feedback according to TB detection result is acceptable.
3. Conclusion
During the recent RAN1 meetings, the specification of the CBGs has progressed quite far. Especially during NR#3, intensive off-line discussions have led to progress on many aspects. Even if it due to time reason was not possible to get them agreed already then, it will in our view not be difficult to reach consensus.
One important aspect, however, that has not been discussed yet, is the TB-A/N feedback. In our view, this is a crucial issue for a successful and efficient operation of CBG based (re)transmissions. For CBG based feedback, the payload is much larger than for TB-based feedback. Whereas TB-based A/N can use the 1-2 bit PUCCH formats, the CBG based feedback will need to employ medium or large PUCCH payloads. The latter require a much higher SNR at the receiver to be successfully decoded. Our simulations have shown a power difference of up to 10dB. For UE power saving and UL interference reduction purposes, the large PUCCH format shall be avoided as much as possible. Under the assumption of BLER=10%, in 90% of the cases the whole TB (=all CBGs) will be decoded successfully. In these cases it does not make sense to report all CBGs=ACK, instead a TB=ACK is proposed. This serves the same purpose but by using a PUCCH format with significantly less power.
In summary, we are making the following observations and proposals.        
Observation 1: For 8 CBGs configured, the CBG-A/N requires about 6dB stronger SNR than the TB-based A/N with the same duration of PUCCH. For 16 CBGs (e.g. in multi CW case), the difference is about 10dB. 
Observation 2: TB-A/N can significantly reduce the UE power consumption and UL interference
Proposal 1: When CBG transmissions are configured, TB-A/N fallback is supported.
Proposal 2: TB-HARQ A/N shall use the PUCCH format with payload of 1-2 bits
Proposal 3: TB-HARQ Ack can be used by the UE, when 
· “All CBGs = ACK” and TB CRC has been decoded correctly. TB-HARQ shall report an Ack in this case
Proposal 4: When CBG (re)transmissions are configured, TB-HARQ A/N is supported and can use a 1-2 bits payload. The CBG-HARQ A/N uses a payload of more than 2 bits
Proposal 5: For short PUCCH, the TB-A/N with payload 1-2 bits can be transmitted on the resources that the gNB assigned for the CBG-A/N
Proposal 6: For Long PUCCH, the TB-A/N with payload 1-2 bits can be transmitted on the resources that the gNB assigned for the CBG-A/N.
Observation 3:  The receiver complexity of switching between TB and CBG feedback according to TB detection result is acceptable.
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