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1 Background
This contribution discusses the following two topics: 
· Flexible NR UE bandwidth
· Dynamic UL skipping

Flexible NR UE bandwidth
In RP-201333 [1], RAN has agreed on the following: 
· Task RAN1 (cc: RAN2) to define TRS bandwidth sizes of 28, 32, 36, 40, 44, 48 RBs.
· All TRS configured for a given BWP with the newly defined TRS bandwidth sizes for a UE span the same set of RBs.
· All allocated PDSCH RBs are confined within the bandwidth spanned by TRS + up to 3RBs beyond either/both of the highest RB and lowest RB of the TRS.
· Only supported for 10MHz UE channel bandwidth, 52 RB BWP size, and 15kHz SCS, in FDD bands.
· Note: No new performance requirement on UE is introduced here.
· A “per-band” UE capability is to be defined for this optional UE feature, that indicates per band support for one of: 
· “All newly defined TRS bandwidth sizes”
· “All newly defined TRS bandwidth sizes except 28 RB size”
· Introduce from Release 16 as part of TEI16



In this contribution we present our views on remaining RAN1 specification aspects of this TEI. 

------------------------------------------------------------------------------------------
Dynamic UL skipping
At RAN1 #102e, the following was agreed: 
Agreement
The following text proposal is endorsed in R1-2005044 (TS38.214, Rel-15, CR#0105, Cat. F).
	A UE shall upon detection of a DCI format scheduling a PUSCH PDCCH with a configured DCI format 0_0 or 0_1 transmit the corresponding PUSCH as indicated by that DCI. unless the UE does not generate a transport block as described in [10, TS38.321] and there is no PUCCH with CSI/HARQ-ACK that overlaps in time with the PUSCH. In this release of the specification, the UE behavior is undefined if there would be a PUCCH with CSI/HARQ-ACK overlapping in time with a PUSCH scheduled by a DCI format and if the UE does not generate a transport block as described in [10, TS38.321] when skipUplinkTxDynamic provided by higher layers is set to true.


Conclusion
In case a UL grant without UL-SCH field or UL-SCH =1 (if present) is detected by a UE configured withskipUplinkTxDynamic, Case 2 can be addressed for Rel-16.

In this contribution we present our views on dynamic UL skipping in Rel-16. 


2 Discussion of flexible NR UE bandwidth TEI
The reason for allowing up to 3 RBs at either/both ends of the TRS is that the usable number of PDSCH RBs is not a multiple of 4 while the TRS BW is. The assumption has been that both the beginning and the end of the TRS is on a fixed 4 RB scale that can be up to 3 RBs offset from the start and end of the actual usable channel BW. 
This; however, doesn’t consider that the so-called Reference Point A, from which the common RB numbering starts, itself is settable. Therefore, the channel BW can be aligned at either end with the TRS start RB or end RB. Therefore, the option of extra 3 RBs at both ends, giving a total of 6 excess RBs, is not needed. 
In order to streamline the configuration, we propose the following change:

Proposal 1:  Adopt either of the following options:
· Option 1: All allocated PDSCH RBs are confined within the bandwidth spanned by TRS + up to 3 RBs beyond either/both of the highest RB andor lowest RB of the TRS.

· Option 2: All allocated PDSCH RBs are confined within the bandwidth spanned by TRS + up to X RBs beyond the highest RB and/or Y RBs beyond the lowest RB of the TRS, where X+Y<4.
Option 2 is preferred.   

3 Discussion of dynamic UL skipping
The Rel-15 dynamic UL skipping definition left it to UE implementation whether to transmit PUSCH or PUCCH in the case of control multiplexing for PUSCH without MAC data. The intent was to specify the UE behavior in Rel-16. 
In our view, the non-CA and CA cases should be discussed separately. 
First, we discuss the case of no UL CA. When UL CA is not configured but dynamic UL skipping is configured and the MAC has not generated data for a PUSCH transmission, we propose that HARQ-ACK or CSI information (except A-CSI) should be transmitted in PUCCH. 

Proposal 2:  When UL CA is not configured but dynamic UL skipping is configured and the MAC has not generated data for a PUSCH transmission, we propose that HARQ-ACK or CSI information (except A-CSI) should be transmitted in PUCCH. 
  
An additional problem with dynamic UL skipping in the UL CA case is that the depending on the PUSCH dropping decision, there are multiple option to where UCI would be multiplexed. This would require two-hypothesis decoding of every simultaneously granted PUSCH.  The scenario is illustrated in Figure 1. 
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Figure 1. Illustration of UCI multiplexing ambiguity with UL CA and dynamic UL skipping

In order to avoid this scenario, our proposal is that the PUSCH with UCI should dropped last. This can be realized with the following proposal:

Proposal 3:  When UL CA and dynamic UL skipping are both configured, the following procedure applies: 
· Case 1: There is no UCI multiplexed in any of a set of overlapping PUSCHs
· In this case, the MAC can choose any combination of PUSCH to drop or transmit, including all or none
· Case 2:  There is UCI to be multiplexed in a set of overlapping PUSCHs
· In this case, the UE first determines which PUSCH would carry the UCI if none of the PUSCHs was skipped, let’s call this PUSCH_0 
· Case 2a: If MAC has data for all PUSCHs, all PUSCH will be transmitted and UCI is multiplexed in PUSCH_0 
· Case 2b: If MAC generates no data for any of the PUSCHs, none of the PUSCHs will be transmitted and UCI will be transmitted in PUCCH
· Case 2c: If MAC generates data only for a subset of the PUSCHs, that subset of PUSCH will be transmitted and UCI will be multiplexed in PUSCH_0. MAC always generates a PDU for PUSCH_0, whether it is with padding or not.

With proposal 3, the gNB can attempt to decode every PUSCH with a single decoding hypothesis. In particular, the gNB decodes PUSCH_0 with assuming UCI is multiplexed in it, the gNB decodes all other PUSCH with assuming that PUSCH is not multiplexed in any of them, and the gNB decodes PUCCH.  

Proposal 4:  In order to enable Proposal 3, the Physical Layer should indicate it to MAC which UL grant is associated with a PUSCH with UCI multiplexing (assuming no skipping).    
 
Note that with a single priority level, the MAC can take advantage of the information about PUSCH_0 and it can put data in PUSCH_0 first. When there is LCH prioritization due to multiple priority levels, and the priority of PUSCH_0 does not match the priority of the data available, the MAC can still follow the existing prioritization rules but it should generate a MAC packet with padding for PUSCH_0. This will result in suboptimality but it is expected that the gNB can minimize the frequency of the occurrences by taking appropriate scheduling choices. 
It is expected that the UE can only take advantage of UL skipping if certain timeline conditions are satisfied; however, we don’t expect that a timeline for the MAC decision regarding UL skipping would be specified.  

When the PUSCH is skipped, there are a number of side effects that should be clarified. In particular, it is important to clarify whether when the UE is required to transmit it actual PHR, the PHR should reflect the set of granted PUSCH (i.e. ignore UL skipping) or the PHR should reflect the actual transmitted PUSCH (i.e. the PHR should consider skipping).  Our view is that in order to avoid the UE having to compute two different power control outcomes, the PHR should be based on only the actually transmitted PUSCH

Proposal 5:  When the UE has to report real (non-virtual) PHR, the PHR is determined based on the actually transmitted PUSCHs only, i.e. the effects of skipping are included.     


When a PUSCH is skipped, it can have side effects beyond the PHR determination. A similar topic was discussed in R1-2006759, “Discussion of the LS about cancelled ACK for MAC deactivation U” [2]. Here we repeat the relevant aspects and relevant proposals.  
In general, the standard defined multiple inter-connected requirements that define UE behavior for certain events. Some of these are events that take place due to an uplink transmission or a request for uplink transmission. It needs to be clarified what the UE is required to do when the UL transmission is skipped. 
In the following, we list a number of UE requirements that a current UL transmission has an effect on: 
· TPC accumulation
· The PC command in the grant is included in the TPC accumulation  
· Power scaling on other CCs
· The transmit power on other CCs is scaled in case of power limitation due to the current transmission
· MPR on other CCs (e.g. intra-band)
· The MPR on other CCs is changed by the presence of the current transmission
· Half duplex handling
· The Rel-16 TEI on enhanced half-duplex conflict resolution takes into account the current transmission (What happens when the current transmission would be prioritized over DL Rx but that the current transmission is cancelled/dropped?)
· NDI interpretation
· The NDI of the next grant is taken relative to the current transmission’s NDI
· UCI multiplexing
· The current PUCCH/PUSCH transmission has UCI multiplexed that would be transported in other channels without the current transmission. (Will the UCI be moved to a different channel if the current transmission is cancelled/dropped?)
· Supported max data rate
· The maximum number of info bits a UE can transmit is limited by the scaling factor signaled in the UE capability. (Does a cancelled transmission count in the total number of transmitted bits in a slot when comparing to the UE capability?)
· CPU determination
· CSI Processing unit occupancy is reset due to the current PUCCH/PUSCH transmission when it carries the CSI report. (Will the CPU reset if the current transmission carrying the CSI is cancelled/dropped?)
· Counting of active CSI resources
· Active CSI resource occupancy is counted until the current PUCCH/PUSCH transmission when it carries the CSI report. (Will the CPU reset if the current transmission carrying the CSI is cancelled/dropped?)
· PHR in re-Tx
· When a PUSCH carrying PHR is retransmitted, the UE includes the same PHR in the retransmission as in the original transmission. (Should the UE include the original PHR when the original transmission was cancelled/dropped, or should it include a new PHR?)
· HARQ out-of-order
· The current transmission may violate HARQ out-of-order rules, creating an error case. (What happens if the current UL transmission gets cancelled/dropped? Does the error case remain, or is the UE required to perform operation as normal?) 
· CA-based SRS switching preemption
· In CA-based SRS switching, the target SRS is dropped if the source CC would have higher priority transmission, such as PUCCH or PUSCH with UCI (What happens when the transmission on the source CC is cancelled/dropped?)
· Interpretation of reserved MCS
· The TBS corresponding to the reserved MCS values (MCS=29, 30 31) refers to the previous transmission. (Should a cancelled/dropped transmission count as the previous transmission?)
· UL Tx switching state
· The current transmission is taken into account in the Case 1 vs. Case 2 determination for Rel-16 UL Tx switching. 
· Determination of duplex direction
· The current transmission is taken into account in the Rel-15 duplex direction determination. (What will be the duplex direction when the current semi-static or dynamic UL transmission (semi-static or dynamic) would change a symbol from X to U but that UL transmission is cancelled/dropped?)
· BWP inactivity timer
· The current transmission resets the timer used to determine when to switch back to the default UL BWP. (Should a cancelled/dropped transmission reset the BWP inactivity timer?)
· DRX inactivity timer
· Defined by MAC. (Should a cancelled/dropped transmission reset the DRX inactivity timer?)
· Data inactivity timer
· Defined by MAC. (Should a cancelled/dropped transmission reset the data inactivity timer?)
· SCell deactivation timer
· Defined by MAC. (Should a cancelled/dropped transmission reset the SCell deactivation timer?)
· RTT timer
· Defined by MAC. (Should a cancelled/dropped transmission start the RTT timer?)
· HARQ attempt count
· Defined by MAC. (Should a cancelled/dropped transmission be counted as a HARQ attempt?)
· BSR
· The current transmission is counted in the buffer status. (Should a cancelled/dropped transmission be counted?)
· PHR calculation
· The current transmission impacts the PHR calculation, i.e. the power on other CCs may be changed due to MPR, or the current transmission changes the actual vs. virtual PHR decision. (Should the PHR be calculated after cancellation/dropping?)

Before describing our understanding of the UE requirements, we would like to discuss some aspects of the notation we used. 
The UE requirements are denoted as either ‘T’, ‘N’ or ‘X’, which are defined as follows. 
Procedure ‘T’: 
· The effect is the same as if cancellation did not occur, i.e. the transmission is considered to have taken place
Procedure ‘N’:  
· The effect is the same as if the transmission has not been requested, i.e. the transmission is considered to not have taken place
Procedure ‘X’: 
· The UE may follow either ‘T’ or ‘N’ based on UE implementation


Note that in [2], we distinguished ‘Fast Cancellation’ and ‘Slow Cancellation’. However, we can categorize all UL skipping cases as slow cancellation because the UEs internal deadlines should allow full PUSCH cancellation for skipping. 

Next, we summarize our understanding of the categorization of the UE procedures for each of the requirements listed before

	Procedure
	Required UE behavior
	Notes

	TPC accumulation
	T
	In case of group TPC (after deadline), it is ‘X’

	Power scaling on other CCs
	N
	

	MPR on other CCs (e.g. intra-band)
	N
	

	Half duplex handling
	N
	

	NDI interpretation
	T
	

	UCI multiplexing
	T
	Already specified in Rel-16, it is undefined in Rel-15

	Supported max data rate
	N
	Already specified

	CPU determination
	T
	Already specified

	Counting of active CSI resources
	T
	

	PHR in re-Tx
	T
	

	HARQ out-of-order
	T
	

	CA-based SRS switching preemption
	N
	

	Interpretation of reserved MCS
	T
	

	UL Tx switching state
	N
	

	Determination of duplex direction
	N
	

	BWP inactivity timer
	N
	Proposed specification change

	DRX inactivity timer
	N
	Proposed specification change

	Data inactivity timer
	N
	Proposed specification change

	SCell deactivation timer
	N
	Proposed specification change

	RTT timer
	N
	

	HARQ attempt count
	N
	

	BSR
	N
	Proposed specification change

	PHR calculation
	N
	




In order to ensure common understanding, we make the following proposals: 

Proposal 6:  Discuss and clarify the UE requirements listed in the table above. 

Proposal 7:  Change the specification, so that when the processing time requirements are met, a skipped UL transmission is not taken into account in the determination of the following: 
· BWP inactivity timer
· DRX inactivity timer
· Data inactivity timer
· SCell deactivation timer
· RTT timer	
· HARQ attempt count	
· BSR
Send an LS to RAN2 regarding the above. 

4 Summary
In this contribution, we presented our views regarding the following topics: 
· Flexible NR UE bandwidth
· Dynamic UL skipping

On the agreed TEI for flexible NR UE bandwidth, we have made the following proposals:
Proposal 1:  Adopt either of the following options:
· Option 1: All allocated PDSCH RBs are confined within the bandwidth spanned by TRS + up to 3 RBs beyond either/both of the highest RB andor lowest RB of the TRS.

· Option 2: All allocated PDSCH RBs are confined within the bandwidth spanned by TRS + up to X RBs beyond the highest RB and/or Y RBs beyond the lowest RB of the TRS, where X+Y<4.
Option 2 is preferred.   
-------------------------------------------------------------------------------------------------
Regarding dynamic UL skipping we have made the following proposals: 

Proposal 2:  When UL CA is not configured but dynamic UL skipping is configured and the MAC has not generated data for a PUSCH transmission, we propose that HARQ-ACK or CSI information (except A-CSI) should be transmitted in PUCCH. 

Proposal 3:  When UL CA and dynamic UL skipping are both configured, the following procedure applies: 
· Case 1: There is no UCI multiplexed in any of a set of overlapping PUSCHs
· In this case, the MAC can choose any combination of PUSCH to drop or transmit, including all or none
· Case 2:  There is UCI to be multiplexed in a set of overlapping PUSCHs
· In this case, the UE first determines which PUSCH would carry the UCI if none of the PUSCHs was skipped, let’s call this PUSCH_0 
· Case 2a: If MAC has data for all PUSCHs, all PUSCH will be transmitted and UCI is multiplexed in PUSCH_0 
· Case 2b: If MAC generates no data for any of the PUSCHs, none of the PUSCHs will be transmitted and UCI will be transmitted in PUCCH
· Case 2c: If MAC generates data only for a subset of the PUSCHs, that subset of PUSCH will be transmitted and UCI will be multiplexed in PUSCH_0. MAC always generates a PDU for PUSCH_0, whether it is with padding or not.

Proposal 4:  In order to enable Proposal 3, the Physical Layer should indicate it to MAC which UL grant is associated with a PUSCH with UCI multiplexing (assuming no skipping).    
 
Proposal 5:  When the UE has to report real (non-virtual) PHR, the PHR is determined based on the actually transmitted PUSCHs only, i.e. the effects of skipping are included.     

Proposal 6:  Discuss and clarify the UE requirements listed in the table above. 

Proposal 7:  Change the specification, so that when the processing time requirements are met, a skipped UL transmission is not taken into account in the determination of the following: 
· BWP inactivity timer
· DRX inactivity timer
· Data inactivity timer
· SCell deactivation timer
· RTT timer	
· HARQ attempt count	
· BSR
Send an LS to RAN2 regarding the above. 
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