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1. Introduction
This document is the summary to the email discussion 88b-13. It is divided into the following sections. 
1. Aspects extracted from the answers to email discussion
2. A list of open issues that could be identified during the email discussion. Basically, most aspects without consensus are regarded as open issues
3. A suggestion on how to move on. This section contains proposals that are based on the input to this email discussion, but also reflecting companies’ contributions and other off-line discussions.  

2. Aspects extracted from the answers to email discussion
2.1 About CBG transmission
CBG transmission mechanism and its relationship to ack/nack time-line:
· There seems to be consensus on that the CBG transmission mechanism is agnostic to the ack/nack time-line
· However, Fujitsu brought up one concern. Even if possible, a CBG transmission before “ack/nack” could be interpreted as an error case or as a misconfiguration and should therefore not be supported.
  
Are all CBGs expected to be included in the scheduling of the initial TB?
· Some companies brought up that it could be assumed that an initial TB transmission from the scheduling perspective always must include all CBGs (e.g. Samsung, LG, Oppo)
· The answers from other companies (e.g. III, Interdigital) could be understood that an initial transmission could also be a sub-set of CBGs
· Furthermore, Oppo stated that the DCI is/can be different when it is assumed that all CBGs are included in the TB compared to the case when only a sub-set of CBGs is transmitted.    

Mapping between CBG and physical resources:
· Both “extreme” cases, i.e. a) to strictly align CBGs with symbols and b) to have full flexibility in the time-domain, where among the answers.
· A majority of companies acknowledges that it will have benefits to align CBGs strictly with OFDM symbols, but it is at the same also expressed that this might not be possible in all cases or that it least should be studied further
· Samsung pointed out that we have an agreed FFS on approximate alignment between OFDM symbols and CBGs and that different solutions such as gNB scheduling restrictions and variable/configurable TB size could be studied.
· It was mentioned, in order to achieve strict CBG alignment with symbols, a shorter CB size would be required and/or scheduling restrictions need to be applied. Therefore performance evaluations would need to be done for comparison.
· There is still no consensus how to map CBGs to physical resources, but a majority view is that “frequency-first” mapping should be applied. 

Interleaving:
· Some companies want to restrict the interleaving to the frequency domain
· Some other companies do not want to apply restrictions to the interleaving and allow both interleaving in time and frequency
· It was stated by at least 3 companies (Huawei, Qualcomm, Samsung) that performance should be considered in the case of preemption (no-interleaving vs. interleaving in time) 

Benefits of aligning CBGs with symbols / not aligning CBGs with symbols:
Companies expect the following benefits from the preferred schemes:
· Align CBGs with symbols:
· Pipelined processing, faster feedback
· Better re-source efficiency when re-transmission due to bursty interference
· CBG not aligned with symbols
· Better performance (longer CBs)
· More robustness if time-domain interleaving can be applied
· Better utilization of frequency diversity 

Transmission resources used for CBG 
It was discussed which resources a CBG re-retransmission should use relatively to the resources that had been used for the TB transmission. In general it could be assumed that the CBG would require fewer physical resources than the corresponding full TB 
· No consensus reached,
· Some companies would like to have full flexibility for the choice of resources for the CBG
· Some companies would like to use the same time-domain resources but apply less resources in frequency  

2.2 About Pre-emption indication
For pre-emption indication, it was very hard to find majority views on any of the asked questions. Here, my impression is that it will not be efficient to discuss and agree on every single item by itself. Instead, it could be a good idea to bundle different solutions into packages and then to agree on the whole package. A suggestion about possible packages is made in the last section. 
Below, the findings for different aspects are given:
Granularity of indication: 
· About equally many companies want symbol/sub-carrier level or CBG level indication. There is no clear majority for any of them.  
· Here, we could try make them the same by aligning CBGs with symbols, but as a counter-argument several companies have pointed to the scenario where a TB only consist of one CBGs.

Just an “indication” or also a “data transmission” 
· Some companies want to associate a “sub-sequent” transmission with the pre-emption indication 
· Others are neutral or do not see a benefit of having the sub-sequent transmission. There seems also quite some support to solely rely on the decoding of the already received data upon reception of the pre-emption indication (and normal HARQ procedure).  


In which channel to transmit the pre-emption indication
· It seems majority view to have it in the PDCCH. 
· Most companies want the PDCCH of impacted UE. 
· But also non-insignificant number of companies want to have a current indication, in the PDCCH of the impacting UE.
  
Self-contained operation in pre-emption
· Shall the self-contained operation also be maintained during pre-emption? 
· There seem to be two levels, the first is that self-contained operation works also for pre-emption, the second if then also pre-emption indication should be usable during pre-emption. 
· The first one seems to be acceptable for quite some companies, for the second one, I am not sure.

Group or UE specific indication
· Some Companies that prefer OFDM/SC granularity prefer group indication. 
· Companies that prefer CBG-based indication want of course UE specific indication 
  
2.3 About sub-sequent transmission
Shall RAN1 support the sub-sequent transmission?
· Samsung stated that sub-sequent transmission is not agreed yet and has not been discussed that much. If it should be introduced, we first need to evaluate
· Performance gain, gNB scheduler complexity, UE implementation complexity
· DOCOMO stated on the other hand that it is already supported since the specification supports asynchronous HARQ in both UL and DL
· Also many companies claimed that there is no difference between a sub-sequent transmission and a re-transmission

If sub-sequent transmission is supported, shall the UE behaviour be changed for ack/nack?
· This question was asked by NTT DOCOMO 
· No answer to this question indentified during this email discussion  

If sub-sequent transmission is supported, shall it be CBG or resource based?
· Most companies seem to prefer CBG based sub-sequent transmissions and see no difference between re-transmissions and sub-sequent transmissions
· However, it has also been mentioned that a sub-sequent transmission could be resource based

3 Open issues based on findings from email discussion
3.1 Open issues for CBG transmissions

	Nr
	Open issue – CBG relationship to ack/nack time-lime

	CBG_1
	Should the CBG transmission be agnostic to the ack/nack time-lime?
If yes, should it be supported to have a CBG transmission before the ack/nack?    





	Nr
	Open issue – Assumptions on number of CBGs in initial TB and impact on DCI

	CBG_2
	Shall be it be assumed that all CBGs are included in the initially scheduled TB?
Is it important for the DCI of the CBG transmission to distinguish between initial TB transmission and other potential re-transmissions?



	Nr
	Open issue – Mapping of CBG to physical resources

	CBG_3
	How to map the CBGs to physical resources (e.g. frequency first? Approximately, aligned with physical resources? No restrictions?)  



	Nr
	Open issue – CBG resources compared to corresponding TB 

	CBG_4
	Should there be any restrictions which resources to use for a CBG transmission (e.g. full flexibility or shall the CBG transmission span the same duration as the TB transmission?) 



	Nr
	Open issue – Interleaving

	CBG_5
	Interleaving restricted to frequency domain or in both time and frequency domain? 
Should it be restricted to a CB?  



3.2 Open issues for pre-emption indication 
For pre-emption indication, it feels meaningless to discuss and try to close each item/open issue by itself. Instead, it would be better to bundle different components of pre-emption indication and also sub-sequent transmission into packages for total solutions. Then, RAN1 could agree on the whole package instead.   
	Nr
	Open issue – Could different ingredient be bundled into total solution(s)

	PI_1
	Could the different components of pre-emption indication be put into one or two different packages and then it would be agreed on the whole package (e.g. what granularity, what transmission timing, with or without sub-sequent transmission, group or UE specific indication, support for self-contained frame structure, etc)?   



3.3 Open issues for sub-sequent transmission
	Nr
	Open issue – is subsequent transmission already supported?

	SST_1
	Is it supported already by the spec?
If yes, do we need to do more specification effort to able to use it in order to improve the performance when URLLC pre-empts eMBB?
If no, does it need to be supported? 



	Nr
	Open issue – UE behaviour for ack/nack

	SST_2
	If sub-sequent transmission supported, shall the UE’s ACK/NACK response time for the initial TB be changed ?  




	Nr
	Open issue – Resource based or CBG based

	SST_3
	If sub-sequent transmission is supported, shall it be CBG based or resource based (the pre-empted resources are transmitted)? 




4. Suggestions on how to move on
Two tracks could be followed after each other, or at least the first one being started first:
1. CBG transmissions: We have already agreed on CBG, but we need to solve more issues and become more specific. We need to define e.g. how to construct the CBG, how to differentiate between TB/CBG during initial and re-transmissions, and also details about CBG identification and HARQ must be decided.
2. After we have made basic progress on CBGs we could consider Pre-emption indication together with a possible sub-sequent transmission. 

4.1 Suggestions for progress on CBG
CBG construction (How to divide a TB into CB, how to map CB/CBG to physical resources)
From the email discussion answers and from contribution review, it seems that there could be consensus for the proposals below. It seems they could reflect a majority view and therefore could be used as a starting point for discussions on agreements:
	Nr
	Proposal – On CBG grouping

	1
	For grouping CB(s) into CBG(s), Option 1 from RAN1#88b agreement is adopted
Option 1: With configured number of CBGs, the number of CBs in a CBG changes according to TBS


 
	Nr
	Proposal – On CB mapping to physical resources

	2
	CBs are mapped in frequency first manner to physical resources


 
	Nr
	Proposal – On CBG and symbol alignment

	3
	RAN1 should strive for alignment between CBGs and symbols.
Note: Benefits is early decoding and efficient resource utilization for CBG re-transmission
FFS: Performance impact (gNB scheduler restrictions, variable TB size)



CBGs during initial transmission and re-transmission.
During the email discussion, it has been brought up by several companies that an initial transmission, from the scheduling perspective, always includes all CBGs. Other companies also have expressed the same view during follow-up off-line discussions. A decision on this aspect could also give some guidance for the DCI design of CBG. It is worth to discuss it further in form of a proposal.
	Nr
	Proposal – All CBGs supposed to be included in the scheduling of the initial TB transmission 

	4
	When CBGs are configured, if UE receives PDCCH for non-all CBG transmission, it is expected that UE already has received PDCCH for all CBG transmission



Furthermore, discussions about the CBG transmission timing and its relationship to the ack/nack timing have been discussed. It seems to be mainstream that the CBG transmission is independent from the ack/nack timing. It would be worth to actually agree (and to conform that it is not just mainstream but consensus).   
	Nr
	Proposal – CBG transmission timing 

	5
	In RAN1 specification, a partial TB transmission mechanism is defined for a subset of all CBGs forming a TB. This mechanism is agnostic to the timing of the partial TB transmission.   



CBG-HARQ feedback
From discussion with other companies, it seems to be a large support that one unique identifier per CBG is used in the HARQ feedback mechanism. The timing and the maximum number of CBGs per TB is FFS.
	Nr
	Proposal – HARQ feedback

	6
	When CBGs are configured, each CBG has its own identifier. 
FFS: Maximum number of CBGs per TB
FFS: Transmission timing of ack/nack 



4.2 Suggestions for progress on pre-emption indication and sub-sequent transmission
Since no clear majority view was found on any of the questions, it would be a waste of time and only become confusing if we would create separate proposals for every aspect/topic. Instead, we should lift it up one level and see what “big picture” solution companies have in mind. We should try to bundle different aspects into e.g. two packages and then down-select between them or compromise to find a final package.
Analyzing all the answers and the different aspects, I think it could come down to two competing solutions which I have listed below. None of these solutions is explicitly listed by any company but this is how I interpreted the answers and also assumed some willingness for compromises:
1) CBG transmissions and preemption indication are separated. In this case, the indication could be in symbol/sub-carrier granularity. The preemption indication is not associated with any transmission of previously preempted data
2) CBG and preemption indication are unified. In this case, the scheduling preemption indication can be associated with a transmission in CBG granularity.

	Nr
	Proposal – Agree on a whole package for pre-emption indication and possible sub-sequent transmission 

	7
	RAN1 should define a package of items to specify a solution for pre-emption indication and sub-sequent transmission.
· Items that could be part of the package are e.g. granularity of indication (symbols/sub-carriers or CBGs), transmission timing and location of indication, indication in group or UE specific manner, followed by a sub-sequent transmission or not)
· Example package1: CBG and Pre-emption indication are separated, indication granularity in physical resources, group indication, no sub-sequent transmission
· Example package 2: CBG and pre-emption indication are unified, granularity in CBGs, UE specific indication, sub-sequent transmission supported
· Note: Other packages are not precluded 




