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1. Introduction
In RAN plenary #89e, the out-of-order CBG-based re-transmission(s) was discussed in [1][2][3]. It is agreed with the below conclusion.
	Conclusion: Introduce a new FG "Out-of-order CBG-based re-transmission(s) with cancelled initial PUSCH transmission". Details are to be finalised by RAN1 and RAN2.


In this paper, we discuss the RAN2 signalling design. 
2. Discussion
Firstly, CBG-based re-transmission(s) can already be indicated by the below Rel-15 capability. If UE indicates this, it supports both in-order and out-of-order CBG transmission.
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	cbg-TransIndication-UL
Indicates whether the UE supports CBG-based (re)transmission for UL using CBG transmission information (CBGTI) as specified in TS 38.214 [12].
	UE
	No
	No
	No



The proposal in [1] is to introduce an out-of-order indication for CBG-based re-transmission in Rel-16.
	cbg-TransCancelledPUSCH-UL 
Indicates whether the UE supports CBG-based retransmission for UL using CBG transmission information (CBGTI) in case the initial PUSCH transmission was cancelled and the following condition is satisfied: the UE is scheduled for a re-transmission of a CBG #N in a given TB when CBG #N-1 has not been transmitted before and it is not scheduled in the same UL grant that includes CBG#N.  The UE indicating support of this feature shall indicate the support of CBG-based (re)transmission for UL with cbg-TransIndication-UL


This proposal in [1] means that UE is not able to indicate that it ONLY supports in-order.
1. If UE supports both cbg-TransIndication-UL and cbg-TransCancelledPUSCH-UL, then it supports both in-order and out-of-order.
2. If UE supports cbg-TransIndication-UL but not cbg-TransCancelledPUSCH-UL, then it supports both in-order and out-of-order
3. The case that UE supports cbg-TransCancelledPUSCH-UL but not cbg-TransIndication-UL is precluded by the green text above.
It is our understanding that in-order operation is simpler to implement than out-of-order operation, and this is the reason to introduce a new capability. Thus, the UE capability signalling should be able to signal only in-order
Proposal 1	UE shall be able to indicate the support of ONLY in-order CBG-based re-transmission(s).
There are several options to design the signalling. The analysis of these options is in the Annex 5 and also proposed in Ericsson RAN1 paper [4] (section 2.3). Comparing Approach 1, 2, 3, Approach 1 is the cleanest and preferred, if non-backwards-compatibility is not a concern. Otherwise, Approach 3 can be adopted. Approach 2 is not favourable. There is no clear winner from RAN2 signalling point of view.
Observation 1	Multiple capability signalling options are feasible.
For Approach 1, whether non-backwards-compatibility is an issue or not should be discussed in RAN1, since the topics originates from RAN1. Thus, we propose 
Proposal 2	RAN2 to wait for further RAN1 inputs on capability signalling for “out-of-order CBG-based re-transmission(s) with cancelled initial PUSCH transmission”.
3. Conclusion
In the previous section, we have the below observation:
Observation 1	Multiple capability signalling options are feasible.
In the previous section, we made the following proposals:
Proposal 1	UE shall be able to indicate the support of ONLY in-order CBG-based re-transmission(s).
Proposal 2	RAN2 to wait for further RAN1 inputs on capability signalling for “out-of-order CBG-based re-transmission(s) with cancelled initial PUSCH transmission”.
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5. Annex - candidate solutions 
Approach 1:
Approach 1 for Rel-15:
Slim down the meaning of the legacy bit to such that it only applies for in-order scheduling of CBG:
	cbg-TransIndication-UL
Indicates whether the UE supports CBG-based (re)transmission for UL using CBG transmission information (CBGTI) as specified in TS 38.214 [12]. In case a retransmission is scheduled, the following condition is satisfied: the UE is scheduled for a re-transmission of a CBG #N in a given TB when CBG #(N-1) has been scheduled before or CBG #(N-1) is scheduled in the same UL grant that includes CBG#N.
	UE
	No
	No
	No



Approach 1 for Rel-16:
Add a new bit for the out-of-order scheduling of CBG: 
	cbg-TransCancelledPUSCH-UL-r16
Indicates whether the UE supports CBG-based retransmission for UL using CBG transmission information (CBGTI) in case the initial PUSCH transmission was cancelled and the following condition is satisfied: the UE is scheduled for a re-transmission of a CBG #N in a given TB when CBG #(N-1) has not been scheduled before and it is not scheduled in the same UL grant that includes CBG#N.  
The UE indicating support of this feature shall indicate the support of CBG-based (re)transmission for UL with cbg-TransIndication-UL 
	UE
	No
	No
	No

	cbg-TransIndication-UL
Indicates whether the UE supports CBG-based (re)transmission for UL using CBG transmission information (CBGTI) as specified in TS 38.214 [12]. In case a retransmission is scheduled, the following condition is satisfied: the UE is scheduled for a re-transmission of a CBG #N in a given TB when CBG #(N-1) has been scheduled before or CBG #(N-1) is scheduled in the same UL grant that includes CBG#N.
	UE
	No
	No
	No



UE signalling:
· A Rel-15 UE can indicate that it supports in-order CBG retransmission, and does not support out-of-order CBG retransmission, by indicating that it supports cbg-TransIndication-UL;
· A Rel-16 can indicate that 
· it supports in-order CBG retransmission, and does not support out-of-order CBG retransmission, by indicating that it supports cbg-TransIndication-UL and does not support cbg-TransCancelledPUSCH-UL.
· it supports both in-order and out-of-order CBG retransmission indicating that it supports both cbg-TransIndication-UL and cbg-TransCancelledPUSCH-UL.

This approach has the drawback that it is non-backwards-compatible (NBC). If a Rel-15 UE implements this CR and sets cbg-TransIndication-UL, a NW not implementing the CR may attempt scheduling out-of-order CBG retransmission for this UE and it would break. It would be acceptable though if 3GPP knows that there is no NWs out there that would ever attempt out-of-order CBG retransmission for Rel-15 UE.
It is noted that in Rel-15, no PUSCH cancellation (intra-UE or inter-UE) was defined. Hence for Rel-15 Feature Group (FG) description, it cannot mention PUSCH cancellation.
For Rel-16 FG, “the initial PUSCH transmission was cancelled” due to either intra-UE prioritization or inter-UE cancellation indicator.

Approach 2:
Approach 2 for Rel-15:
No change to Rel-15. Rel-15 FG would hence only have the legacy bit with the legacy meaning, i.e. it would indicate that the UE supports both in-order and out-of-order CBG retransmissions. 
	cbg-TransIndication-UL
Indicates whether the UE supports CBG-based (re)transmission for UL using CBG transmission information (CBGTI) as specified in TS 38.214 [12].
	UE
	No
	No
	No



Approach 2 for Rel-16:
Add a new bit for the in-order scheduling alternative. Basically a slimmed down version of the legacy bit.
	cbg-TransCancelledPUSCH-UL-r16
Indicates whether the UE supports CBG-based retransmission for UL using CBG transmission information (CBGTI) in case the initial PUSCH transmission was cancelled and the following condition is satisfied: the UE is scheduled for a re-transmission of a CBG #N in a given TB when CBG #(N-1) has been scheduled before or CBG #(N-1) is scheduled in the same UL grant that includes CBG#N.
The UE indicating support of cbg-TransIndication-UL also supports this feature. 
	UE
	No
	No
	No

	cbg-TransIndication-UL
Indicates whether the UE supports CBG-based (re)transmission for UL using CBG transmission information (CBGTI) as specified in TS 38.214 [12].
	UE
	No
	No
	No



UE signalling:
· A Rel-15 UE can indicate that it supports CBG retransmission by indicating that it supports cbg-TransIndication-UL. Both in-order and out-of-order CBG retransmission are supported.
· A Rel-16 can indicate that 
· it supports in-order CBG retransmission, and does not support out-of-order CBG retransmission, when initial PUSCH transmission is cancelled, by indicating that it does not support cbg-TransIndication-UL and support cbg-TransCancelledPUSCH-UL.
· it supports both in-order and out-of-order CBG retransmission regardless of cancellation of initial PUSCH transmission, by indicating that it supports cbg-TransIndication-UL. In this case, the UE has to indicate support of cbg-TransCancelledPUSCH-UL.

This approach has the advantage that it is backwards compatible. 
[bookmark: _GoBack]A drawback is a Rel-15 UE cannot indicate that it supports only in-order CBG retransmission. Since the understanding is that out-of-order is more difficult to implement, the entire feature of CBG-based retransmissions has a risk of not being implementable as there is no Rel-15 UE reporting the support of both out-of-order and in-order.  

Approach 3:
Approach 3 for Rel-15:
Add a new FG to Rel-15 for only scheduling the in-order CBG retransmission. Basically a slimmed down version of the legacy bit is additionally provided. The legacy bit would hence have the legacy meaning, i.e. it would indicate that the UE supports both in-order and out-of-order retransmissions. 
	cbg-TransCancelledPUSCH-UL
Indicates whether the UE supports CBG-based (re)transmission for UL using CBG transmission information (CBGTI) as specified in TS 38.214 [12]. In case a retransmission is scheduled, the following condition is satisfied: the UE is scheduled for a re-transmission of a CBG #N in a given TB when CBG #(N-1) has been scheduled before or CBG #(N-1) is scheduled in the same UL grant that includes CBG#N.
	UE
	No
	No
	No

	cbg-TransIndication-UL
Indicates whether the UE supports CBG-based (re)transmission for UL using CBG transmission information (CBGTI) as specified in TS 38.214 [12].
	UE
	No
	No
	No



Approach 3 for Rel-16:
Reuse of the two Rel-15 FGs. No change is needed compare to the revised Rel-15.
	cbg-TransCancelledPUSCH-UL
Indicates whether the UE supports CBG-based retransmission for UL using CBG transmission information (CBGTI) in case a retransmission is scheduled, the following condition is satisfied: the UE is scheduled for a re-transmission of a CBG #N in a given TB when CBG #(N-1) has been scheduled before or CBG #(N-1) is scheduled in the same UL grant that includes CBG#N. 
	UE
	No
	No
	No

	cbg-TransIndication-UL
Indicates whether the UE supports CBG-based (re)transmission for UL using CBG transmission information (CBGTI) as specified in TS 38.214 [12]. 
	UE
	No
	No
	No



UE signalling:
· A Rel-15 UE can indicate that 
· it supports CBG retransmission with in-order retransmission only, by indicating that it does not support cbg-TransIndication-UL, but supports cbg-TransCancelledPUSCH-UL.
· it supports CBG retransmission, both in-order and out-of-order CBG,  by indicating that it supports cbg-TransIndication-UL. In this case, the UE has to indicate support of cbg-TransCancelledPUSCH-UL also.
· A Rel-16 can indicate similar to Rel-15 UE. 

This approach has the benefit that it is backwards compatible. For both Rel-15 and Rel-16 UEs, it allows CBG-based retransmission even if a UE only supports in-order CBG retransmission. 
