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This contribution discusses following issues: 
The first one is the remaining details on CBG based retransmission in case of a partially cancelled initial transmission. For this scenario, a new UE FG had been agreed in the recent RAN#89e plenary meeting. 
Secondly, we observe the UE behavior for partial cancellation in Rel-15 and also suggest to introduce partial cancellation as an optional UE capability in Rel-16. 
Thirdly, a new issue for the UE processing time is brought up. In case that PDSCH is scheduled to overlap with a CORESET, according to the current specification a potentially overlapping PDSCH DMRS will be shifted towards the end of the PDSCH and is mapped onto the first symbol that does not collide with a CORESET. This reduces the processing time budget that the UE has available to generate HARQ-ACK. 
Finally, the remaining issue about the UE processing order between UL CI and power scaling/PHR calculation in case of UL CA is discussed.
Discussions
1.1 CBG based re-transmission
The issue of CBG based re-transmissions in case of a partially cancelled initial transmission has been intensively discussed during the last three RAN1 meetings, both in the Rel-16 maintenance agenda item and also as an UE feature, without reaching any conclusion. 
Therefore, this topic was even raised at the RAN1#89e plenary meeting where the following conclusion could be achieved:
From RAN#89e:
	Moderator 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.



The problem with CBG based re-transmission is the generation of the TB-CRC in case the initial transmission gets partially cancelled and that these partially cancelled CBGs are scheduled out-of-order in the re-transmissions, for example as illustrated in Figure 1 below. The TB-CRC shall be sent in the last CBG (CBG#4 in the example of Figure 1). For the calculation of the TB-CRC it is needed that the source bits are supplied in the correct order. If CBGs #3 and #4 are cancelled in the initial transmission, the TB-CRC calculation would stop after CBG #2. The UE would then firstly need CBG #3 to correctly calculate the TB-CRC. But according to the current specification the gNB could schedule any CBG in the first re-TX. For the UE implementation it would be very difficult to prepare the TB-CRC when previously cancelled CBGs are re-scheduled in out-of-order fashion and this situation should therefore be avoided.
[image: ]
[bookmark: _Ref46756576]Figure 1 - Out of order scheduling of CBGs

Observation 1: If the initial transmission becomes partially cancelled, i.e. some CBGs are not transmitted in UL, the UE implementation impact to calculate the TB-CRC would become significant if out-of-order re-scheduling of the previously cancelled CBGs would be allowed. 

During the course of the previous RAN1 meetings, multiple options have been discussed and the following two candidate solutions, Option 1 and Option 1a, were left at the end:
· Option 1: the UE is not expected to be scheduled for a re-transmission of the TB including the last CBG if each of the other CBGs (except for the last one) have either not been transmitted at least once before or are not scheduled for a re-transmission in the same UL grant as the last CBG.
· Option 1a: The UE is not expected to be scheduled for a re-transmission of a CBG #N in a given TB unless CBG #N-1 has been transmitted before or is scheduled in the same UL grant that includes CBG#N.

Option 1 and Option 1a intend to ensure that the cancelled CBGs are re-scheduled in in-order fashion. In our view this is a reasonable approach. It is easy for the UE implementation and we do not see any practical use case why the gNB would want to re-schedule the cancelled transmissions in out-of-order fashion. 

However, Option 1 is not complete and can result into problems for some cases because it does not in general solve the issue that is supposed to be addressed. Consider the example in Figure 2 below, where CBGs #2, #3 and #4 are cancelled in the initial transmission. In the first re-TX, only CBG3 is scheduled. The generation of the TB-CRC, on the other hand, would require the source bits from CBG#2 are taken into account before CBG#3. Thus, scheduling according to Option 1 as shown in the example below result into problems for the UE implementation. 
[image: ]
[bookmark: _Ref52186122]Figure 2 – CBG re-transmission according to Option 1
The above described problem is avoided with Option 1a, where the scheduling of each CBG requires that all the previous CBGs have either already been transmitted or are scheduled by the same grant. Therefore, Option 1a should be supported.

Observation 2: Since Option 1 only addresses the handling of the last CBG in case of a cancelled initial transmission, it can still result into problems for the UE implementation when generating the TB-CRC in case earlier CBGs are re-scheduled in out-of-order fashion.  These issues are overcome with Option 1a.
 
In the plenary meeting RAN#89e it has been decided that a UE FG shall be introduced for UEs that are able to generate the correct TB-CRC for out-of-order scheduled CBGs. This FG can be defined as shown in the example of Table 1 below. This implies also that a UE that does not indicate the support of this FG expects to be scheduled according to Option 1a. In accordance with the RAN plenary conclusion and the above discussion, we make the following proposal:

Proposal 1: Introduce a FG i.e. table 1 for "Out-of-order CBG-based re-transmission(s) with cancelled initial PUSCH transmission" in Rel-16.
· If the UE indicates the support of the FG, the UE can be scheduled for a re-transmission of a CBG #N in a given TB when CBG #N-1 has not been transmitted before and is not scheduled in the same UL grant that includes CBG#N. 

· Otherwise, the UE expects to be scheduled for a re-transmission of a CBG #N in a given TB only if CBG #N-1 has been transmitted before or is scheduled in the same UL grant that includes CBG#N.
Table 1 – UE FG for Out-of-order CBG-based re-transmission(s) with cancelled initial PUSCH transmission
	11. 
NR_L1enh_URLLC
	11-12
	Out-of-order CBG-based re-transmission(s) with cancelled initial PUSCH transmission
	Support CBG-based re-transmission(s) of a TB 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.
	5-25
	Yes
	N/A
	
	Per UE
	N/A
	N/A
	 
	A UE supporting 5-25 but not 11-12 shall support CBG-based retransmission(s) with cancelled initial PUSCH transmission if the following condition is satisfied: the UE is scheduled for a re-transmission of a CBG #N in a given TB only if CBG #N-1 has been transmitted before or it is scheduled in the same UL grant that includes CBG#N.
	Optional with capability signaling 




1.2 Partial cancellation in Rel-15 and Rel-16.
Rel-15 behavior
The specification text about cancellation in Rel-15 is copied below 38.213, section 11.11.1 [1]. Based on this text, it seems that Rel-15 supports partial cancellation but it is not according to the agreement from RAN1#94. 
For operation on a single carrier in unpaired spectrum, if a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot and the UE detects a DCI format 1_0, DCI format 1_1, or DCI format 0_1 indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then



-	the UE does not expect to cancel the transmission in symbols from the set of symbols that occur, relative to a last symbol of a CORESET where the UE detects the DCI format 1_0 or the DCI format 1_1 or the DCI format 0_1, after a number of symbols that is smaller than the PUSCH preparation time  for the corresponding UE processing capability [6, TS 38.214] assuming  and  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format 1_0, DCI format 1_1 or DCI format 0_1 and the SCS configuration of the SRS, PUCCH, PUSCH or r, where r corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise r=0
-	the UE cancels the PUCCH, or PUSCH, or PRACH transmission in remaining symbols from the set of symbols and cancels the SRS transmission in remaining symbols from the subset of symbols

The agreement from RAN1#94 shown below precludes partial cancellation.

	RAN1#94 Agreements:
Update the #92bis agreement as follows:
For cancellation of RRC configured transmission or reception by SFI or DCI, the cancellation is for a unit of transmission/reception if any OFDM symbol within the unit is cancelled by SFI.
· For RRC configured CSI-RS resource set, the cancellation unit is the CSI-RS resource set
· For RRC configured PDSCH and PUSCH with slot aggregation, the cancellation unit is the whole PDSCH or PUSCH within a slot
· For RRC configured PDSCH, PUCCH, and PUSCH without slot aggregation, the cancellation unit is the whole PDSCH, PUCCH, and PUSCH
· For RRC configured SRS transmission, the cancellation unit is OFDM symbol




In Rel-15, the uplink cancellation unit is the whole PUCCH or PUSCH within a slot rather than partial a PUCCH or PUSCH within a slot.

Observation 3: The Rel-15 specification is not according to the agreement from RAN1#94. The agreement defines that the cancellation unit is the whole PUCCH and PUSCH, whereas the specification seems to allow partial cancellation.
In order to avoid misunderstandings it would be better to clarify the UE behaviour in Rel-15. And this clarification is also related about whether to introduce the FG "Out-of-order CBG-based re-transmission(s) with cancelled initial PUSCH transmission” i.e. table 1 in Rel-15 or not. Because if partial cancellation is supported in Rel-15, then this issue may also exist in Rel-15. So the UE FG for CBG based re-TX from Proposal 1 may also be needed for Rel-15.
Rel-16 behavior
In Rel-16, cancellation due to UL CI and due to collisions between LP/HP channels is introduced. Compared to Rel-15, in Rel-16 cancellation can also be used for dynamically scheduled uplink channels between high priority and low priority. Since the support of partial cancellation for so many cases is challenging for the UE implementation, we propose to introduce an optional capability in Rel-16 to support the partial cancellation.
Proposal 2: Partial cancellation of uplink transmission is introduced as an optional capability for Rel-16 UEs.
1.3 DMRS shift and impact on UE processing time
A PDSCH can be scheduled to overlap with search space sets. If the PDSCH mapping type B is used and PDSCH overlaps with a search space set associated with a CORESET, then the DMRS will be shifted towards the end of the PDSCH and will be located in the first OFDM symbol that does not contain an overlapping CORESET, regardless if the CORESET contains a PDCCH or not. This will delay the starting time from when the UE can perform channel estimation. Thus, in case of shifted DMRS, it will be harder for the UE to meet the processing time requirement for Tproc1, i.e. to decode the PDSCH and to prepare the HARQ-ACK for the corresponding PUCCH. Especially, this can cause problems for UE processing time capability 2. 
For PDSCH mapping type B, if the front-loaded DMRS collides with resources reserved for a search space set associated with a CORESET, the DMRS will be shifted. The corresponding specification text for the PDSCH mapping type B is copied below [2]. 
For PDSCH mapping type B

[bookmark: _Hlk25169508]-	if the PDSCH duration   OFDM symbols for normal cyclic prefix or  OFDM symbols for extended cyclic prefix, and the front-loaded DM-RS of the PDSCH allocation collides with resources reserved for a search space set associated with a CORESET,  shall be incremented such that the first DM-RS symbol occurs immediately after the CORESET and until no collision with any CORESET occurs, and
-	if the PDSCH duration  is 2 symbols, the UE is not expected to receive a DM-RS symbol beyond the second symbol;
-	if the PDSCH duration  is 5 symbols and if one additional single-symbol DMRS is configured, the UE expects the additional DM-RS to be transmitted on the fifth symbol;
-	if the PDSCH duration  is 7 symbols for normal cyclic prefix or 6 symbols for extended cyclic prefix: 
-	the UE is not expected to receive the front-loaded DM-RS beyond the fourth symbol, and
-	if one additional single-symbol DM-RS is configured, the UE only expects the additional DM-RS to be transmitted on the 5th or 6th symbol when the front-loaded DM-RS symbol is in the 1st or 2nd symbol, respectively, of the PDSCH duration, otherwise the UE should expect that the additional DM-RS is not transmitted;
-	if the PDSCH duration  is 12 or 13 symbols, the UE is not expected to receive a DM-RS symbol mapped to symbol 12 or later in the slot;
-	for all values of the PDSCH duration  other than 2, 5, and 7 symbols, the UE is not expected to receive a DM-RS symbol beyond the :th symbol;
-	if the PDSCH duration  is less than or equal to 4 OFDM symbols, only single-symbol DM-RS is supported. 

The UE processing time Tproc1 is defined as the minimum required gap between the end of the PDSCH reception and the earliest possible start of the PUCCH carrying the corresponding HARQ-ACK. In order to meet the stringent URLLC demands, especially according to cap#2, the UE has to start the demodulation as soon as possible, i.e. already after the DMRS has been received. A shifted DMRS will therefore effectively reduce the time-budget that the UE has available to prepare the HARQ-ACK. This is illustrated in Figure 3 below. In the left-hand drawing, a long PDSCH consisting of 12 symbols is overlapping with 5 consecutively configured search space sets which are associated with CORESETs. As a result, the front loaded DMRS is shifted onto the second last symbol of the PDSCH, which effectively reduces the UE processing time budget from 14 down to 4 symbols (for SCS 15 kHz). For short PDSCH e.g. 3 symbols, the UE processing time budget will be reduced from 5 symbols to 4 symbols (for SCS 15 kHz). Note that the UE processing time Tproc1 would have been relaxed by adding more symbol(s) if the search space did include the scheduling PDCCH, cf. section 5.3 of [3].
 [image: ]
[bookmark: _Ref52201012]Figure 3 –Reduced available UE processing time budget due to DMRS shift
Based on the above discussion, we make the following observation:
Observation 4: PDSCH front-loaded DMRS postponement due to collision with search space sets that are associated with a CORESET will delay the channel estimation operation. The UE may not be able to finish the PDSCH decoding and HARQ-ACK preparation especially for processing time capability 2.
The fact that the UE has less time margin available when DMRS is late in the PDSCH (because channel estimation starts after the last DMRS) has already been accounted for other cases, e.g. when additional DMRS is configured. For example for SCS 30 kHz, when only one front loaded DMRS is configured (e.g. for mapping type B), then N1 is 10 symbols as shown in the left-hand column in Table 2 below, whereas when an additional DMRS is configured, 13 OS are allowed as seen in the right-hand column. 
[bookmark: _Ref53425021]Table 2 – From 38.214, Section 5.3 - PDSCH processing time for PDSCH processing capability 1
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB
	dmrs-AdditionalPosition ≠ pos0 in 
DMRS-DownlinkConfig in either of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB 
or if the higher layer parameter is not configured 

	0
	8
	N1,0

	1
	10
	13

	2
	17
	20

	3
	20
	24



Assume an example that PDSCH mapping type B and one additional DMRS is configured, 
i.e. dmrs-AdditionalPosition=pos1. Assume further that the PDSCH duration is 5OS. According to Table 3 shown below, the DMRS positions would then be in the beginning of the PDSCH and in the end of the PDSCH, and, since 2 DMRS are configured, N1 is 13 symbols.



[bookmark: _Ref53425789]Table 3 – DMRS positions for single-symbol DMRS according 38.211, section 7.4.1.1.2
	 in symbols
	
DM-RS positions 

	
	PDSCH mapping type A
	PDSCH mapping type B

	
	dmrs-AdditionalPosition
	dmrs-AdditionalPosition

	
	pos0
	pos1
	pos2
	pos3
	pos0
	pos1
	pos2
	pos3

	2
	-
	-
	-
	-
	

	

	
	

	3
	

	

	

	

	-
	-
	
	

	4
	

	

	

	

	

	

	
	

	5
	

	

	

	

	-
	-
	
	

	6
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	7
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	8
	

	
, 7
	
, 7
	
, 7
	-
	-
	
	

	9
	

	
, 7
	
, 7
	
, 7
	-
	-
	
	

	10
	

	
, 9
	
, 6, 9
	
, 6, 9
	-
	-
	
	

	11
	

	
, 9
	
, 6, 9
	
, 6, 9
	-
	-
	
	

	12
	

	
, 9
	
, 6, 9
	
, 5, 8, 11
	-
	-
	
	

	13
	

	
, 
	
, 7, 11
	
, 5, 8, 11
	-
	-
	
	

	14
	

	
, 
	
, 7, 11
	
, 5, 8, 11
	-
	-
	-
	-



Assume now that only one frontloaded DMRS is configured, i.e. dmrs-AdditionalPosition=pos0, and that the PDSCH duration also is 5 symbols. In this case N1 has to be 10 symbols. But if the first 4 symbols of the PDSCH would collide with search space sets that are associated with CORESETs, then the front loaded DMRS is shifted onto the 5th PDSCH symbol. As a result, also in this case the UE can start channel estimation only after the 5th symbol. But in this situation no relaxation of the timing requirement for N1 is allowed, according to the current specification N1 is still 10 symbols. For this situation, it is therefore much tougher for the UE to meet the timing requirements. Both cases are illustrated below Figure 4.
 [image: ]
[bookmark: _Ref53428601]Figure 4 – Timing requirements on N1 for additional DMRS being configured vs shifted DMRS

Observation 5: For the case of additional configured DMRS, the processing time requirement for N1 is relaxed. However, for the case of shifted DMRS, the specification does not relax the processing time requirement even if front-loaded DMRS is shifted to the position of the additional DMRS.   
In order to overcome the above mentioned problems, which will be especially severe for processing time capability #2, the timing requirement should also be relaxed when PDSCH DMRS overlaps with a search space set that is associated with a CORESET. One possibility could be to extend Tproc,1 with an additional “delta”-value.
However, this option needs modifications of the current specification, which may not be the preferred approach at this current late stage. If RAN1 could not agree to relax the UE processing time requirements, another possibility is to introduce a new UE capability for handling the DMRS shift due to a collision with search space sets. In this context it should be noted that a similar UE FG already exists for DMRS shift due to a collision with CRS. This is the FG 10-8, in which the UE can indicate that it can support Type B PDSCH length {3, 5, 6, 8, 9, 10, 11, 12, 13} without DMRS shift due to CRS collision [4]. In order to handle the case of collision with search space sets that are associated with a CORESET, FG 10-8 could be modified to also cover the Type B PDSCH mapping lengths without DMRS shift due to collisions with search space sets.
Proposal 3: In order to address the issue of a reduced UE processing time budget in case of DMRS shift, RAN1 should consider one of the following options:
· Option 1: Relaxation of the UE processing time requirement in case of DMRS shift
· Option 2: Introduce a Rel-16 UE capability for UEs not supporting DMRS shift due to collisions with search space sets that are associated with a CORESET, e.g.
· Modify the existing FG 10-8 as follows:
	Feature Group
	Components

	Type B PDSCH length {3, 5, 6, 8, 9, 10, 11, 12, 13} without DMRS shift due to CRS collision
	1. Type B PDSCH length {3, 5, 6, 8, 9, 10, 11, 12, 13} without DMRS shift due to CRS collision



1.4 UE processing order between UL CI and power scaling/PHR calculation in UL CA
During the email discussion [102-e-NR-L1enh-URLLC-InterUE-01], the following issue did not reach a conclusion.
Issue 7: UE processing order between UL CI and power scaling/PHR calculation in UL CA
In the summary [5] of the email discussion, the following conclusion has been given as starting point for further discussion in RAN1#103-e.
	Proposed conclusion (further update based on comment from Apple):
· In case of UL CA,
· If a UL CI is detected before an UL grant scheduling an PUSCH carrying PHR, PHR calculation takes into account the impact of UL CI.
· Otherwise, the UE does not consider the impact of the UL CI for the PHR calculation
· In case of UL CA,
· If a UL CI is detected before an UL grant scheduling an PUSCH, power scaling takes into account the impact of UL CI.
· Otherwise, the UE does not consider the impact of the UL CI for the power scaling



Basically, the proposed conclusion above is acceptable to us. 
· For PHR, if the UE is required to also consider an UL CI that is received after the UL grant which is scheduling the PUSCH carrying PHR, this would just be a small optimization with non-significant impact on the performance. One the other hand, a new timeline would need to be introduced and this will also increase the UE complexity. 
· For power scaling, we think that the UE should not be required to re-calculate the power scaling. Only UL CI which is received before the uplink grant should be taken into account, then the re-calculation for power scaling can be avoided.

We have some concerns about using the wording “detect” in the conclusion, because it may be related to the UE’s implementation and can vary in time. We propose to change “detect” into “receive” which defines an exact point in time.
Based on the above discussions, we have the following proposal:
Proposal 4: Change the proposed conclusion as below:
· In case of UL CA,
· If a UL CI is detected received before an UL grant scheduling a PUSCH carrying PHR, PHR calculation takes into account the impact of UL CI.
· Otherwise, the UE does not consider the impact of the UL CI for the PHR calculation.
· In case of UL CA,
· If a UL CI is detected received before an UL grant scheduling a PUSCH, power scaling takes into account the impact of UL CI.
· Otherwise, the UE does not consider the impact of the UL CI for the power scaling.
Conclusions
Based on the above discussions, the following observation/proposals are given:
For Out-of-order scheduling of CBGs when the initial transmission is cancelled:

Observation 1: If the initial transmission becomes partially cancelled, i.e. some CBGs are not transmitted in UL, the UE implementation impact to calculate the TB-CRC would become significant if out-of-order re-scheduling of the previously cancelled CBGs would be allowed. 

Observation 2: Since Option 1 only addresses the handling of the last CBG in case of a cancelled initial transmission, it can still result into problems for the UE implementation when generating the TB-CRC in case earlier CBGs are re-scheduled in out-of-order fashion.  These issues are overcome with Option 1a.

Proposal 1: Introduce a FG i.e. table 1 for "Out-of-order CBG-based re-transmission(s) with cancelled initial PUSCH transmission" in Rel-16.
· If the UE indicates the support of the FG, the UE can be scheduled for a re-transmission of a CBG #N in a given TB when CBG #N-1 has not been transmitted before and is not scheduled in the same UL grant that includes CBG#N. 
· Otherwise, the UE expects to be scheduled for a re-transmission of a CBG #N in a given TB only if CBG #N-1 has been transmitted before or is scheduled in the same UL grant that includes CBG#N.

For partial cancellation
Observation 3: The Rel-15 specification is not according to the agreement from RAN1#94. The agreement defines that the cancellation unit is the whole PUCCH and PUSCH, whereas the specification seems to allow partial cancellation.
Proposal 2: Partial cancellation of uplink transmission is introduced as an optional capability for Rel-16 UEs.
For DMRS shift due to delay with CORESETs
Observation 4: PDSCH front-loaded DMRS postponement due to collision with search space sets that are associated with a CORESET will delay the channel estimation operation. The UE may not be able to finish the PDSCH decoding and HARQ-ACK preparation especially for processing time capability 2.
Observation 5: For the case of additional configured DMRS, the processing time requirement for N1 is relaxed. However, for the case of shifted DMRS, the specification does not relax the processing time requirement even if front-loaded DMRS is shifted to the position of the additional DMRS. 
Proposal 3: In order to address the issue of a reduced UE processing time budget in case of DMRS shift, RAN1 should consider one of the following options:
· Option 1: Relaxation of the UE processing time requirement in case of DMRS shift
· Option 2: Introduce a Rel-16 UE capability for UEs not supporting DMRS shift due to collisions with search space sets that are associated with a CORESET, e.g.
· Modify the existing FG 10-8 as follows:
	Feature Group
	Components

	Type B PDSCH length {3, 5, 6, 8, 9, 10, 11, 12, 13} without DMRS shift due to CRS collision
	2. Type B PDSCH length {3, 5, 6, 8, 9, 10, 11, 12, 13} without DMRS shift due to CRS collision



For the UE processing order between UL CI and power scaling/PHR
Proposal 4: Change the proposed conclusion as below:
· In case of UL CA,
· If a UL CI is detected received before an UL grant scheduling a PUSCH carrying PHR, PHR calculation takes into account the impact of UL CI.
· [bookmark: _GoBack]Otherwise, the UE does not consider the impact of the UL CI for the PHR calculation.
· In case of UL CA,
· If a UL CI is detected received before an UL grant scheduling a PUSCH, power scaling takes into account the impact of UL CI.

· Otherwise, the UE does not consider the impact of the UL CI for the power scaling.
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