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Introduction
In this contribution, we discuss remaining correction for the joint channel estimation feature in the Rel-17 NR coverage enhancement work.  We first discuss the frequency hopping (FH) design, considering suitable patterns and their relation to DMRS bundles. A companion paper [1] provides further analysis and presents simulation results, including the gains from the Rel-17 hopping pattern when not used with DMRS bundling.  We next consider open issues in the current specifications on how events are defined for the purpose of time domain window determination.  How to specify transmit power control (TPC) using DCI format 2_2 is also covered. 
Discussion
Frequency Hopping Design Aspects
[bookmark: _Ref86842550][bookmark: _Ref83993626]Relation between frequency hopping and time domain window
The Rel-15 inter-slot frequency hopping pattern for PUSCH is not compatible with DMRS bundling, since it hops every slot.  This motivated the inclusion of Rel-17 hopping patterns in the NR coverage enhancement WID according to the following:
· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]
While such a new pattern is clearly needed to enable inter-slot DMRS bundling, how this feature should be combined with other features and whether the Rel-17 inter-slot hopping mechanism requires DMRS bundling to be useful is left open in the WID.  This interaction with other features is normally left open in WIDs, and dependencies are commonly resolved in UE feature discussions.  We further observe that the inter-slot frequency hopping mechanism was only part of PUSCH enhancements in the WID, but during the discussion it was agreed to also specify the hopping pattern for PUCCH.
The Rel-17 frequency hopping procedure was designed such that hopping configurations take priority over both configured and actual TDW determination, as can be seen in the RAN1#107 agreement below.  Because of this priority, Rel-17 frequency hopping can function perfectly well without DMRS bundling.
Agreement 
For the interaction between inter-slot frequency hopping and DMRS bundling for PUCCH/PUSCH repetitions, a UE performs the “hopping intervals determination”, “configured TDW determination”, and “actual TDW determination” in a sequential ordering, based on the following option 1.

· Option 1: “hopping intervals determination” -> “configured TDW determination” -> “actual TDW determination”

However, the current specifications do not support configuration of the Rel-17 inter-slot frequency hopping pattern when DMRS bundling is not configured.  This is an artificial restriction in our understanding, since the UE hopping pattern is independent of if DMRS bundling is configured.  It is particularly artificial since a UE may use only the hopping pattern even when configured for DMRS bundling.  For example, if the UE is configured with a nominal TDW length of two slots and a frequency hopping interval of 10 slots, if the TDD pattern is DDDSU, the UE will hop once every 10 slots while not bundling DMRS, since no actual TDWs greater than length 1 can be formed.  Similarly, for both FDD and TDD if there is some other event like another channel always scheduled between the PUSCH/PUCCH repetitions, the bundling will again be precluded, but not the new frequency hopping pattern.
Observations 1-2:
· RAN1 has already extended the support for the Rel-17 hopping pattern beyond what is in the WID by supporting it for PUCCH
· Restricting the Rel-17 inter-slot hopping pattern to be used with DMRS bundling is artificial and inconsistent.
· The Rel-17 hopping pattern does not depend on DMRS bundling behavior
· A UE can be configured with DMRS bundling, but not actually bundle DMRS, and still hop according to the Rel-17 pattern
· E.g. for DDDSU TDD patterns, if there is another channel always scheduled between repetitions, etc.
Not all UEs in a cell may benefit from, or even support, joint channel estimation, but such UEs may need to use the same hopping pattern in order to make efficient use of PUSCH resource in a cell. Therefore, it would be beneficial to configure the Rel-17 hopping patterns for UEs not supporting DMRS bundling.
The Rel-17 hopping pattern has benefits for Repetition Type A and TBoMS that are independent of if DMRS bundling is configured.  As shown in [1], the Rel-15 hopping pattern is not well matched to the RV cycling pattern for Repetition Type A, whereas the extra flexibility of the Rel-17 pattern can better match the cycling pattern and can improve performance due to the balanced distribution of the systematic bits.  Example gains on the order of 0.5 dB were observed at 10% BLER.
For all these reasons, not only should it be possible to configure the FH configuration independently of any JCE windows as agreed above, but the patterns should be configurable for all UEs, even if they do not support DMRS bundling.
Agreement:
· For Rel-17 PUSCH repetition Type A without joint channel estimation, no new inter-slot frequency hopping mechanism is introduced. 
This conclusion might appear to contradict the above agreement on not introducing any new FH mechanism for Type A repetition, but that agreement was, in our understanding, written with the intention of precluding FH patterns based on available UL slots for PUSCH. Also, it was well understood that frequency hopping patterns were being developed in JCE, and so discussion should be done in one place, i.e. in the context of JCE. Thus, the agreement precludes development of new patterns specifically for Type A repetition, but does not preclude use of patterns already developed for JCE also in non-JCE situations.
[bookmark: _Hlk92557463]Observations 3-4: 
· Not all UEs may benefit from, or support, DMRS bundling, but such UEs should be able to hop with the same patterns used by DMRS bundling UEs in the same cell in order to maintain spectral efficiency when frequency hopping is used in the cell.
· Gain tradeoffs from joint channel estimation and frequency hopping can vary e.g. with speed, or on channel conditions for a given UE.
· As shown in [1], the Rel-17 inter-slot hopping pattern provides significant (e.g. ~0.5 dB) gains over the Rel-15 hopping pattern even when DMRS bundling is not configured. 
Proposal 1:
· The Rel-17 frequency hopping pattern can be configured independently from DMRS bundling
In order to support Rel-17 hopping patterns for PUSCH and PUCCH without DMRS bundling, a trivial change of parameters is sufficient in 38.214 and 38.213, respectively, as shown in the added text in red below.
We also observe that the agreement from RAN1#107 on the default frequency hopping length is not yet captured for PUSCH in 38.214, and suggest the added text in green. 
· Support separate RRC configuration(s) for hopping interval and configured TDW length. 
· if hopping interval is not configured, the default hopping interval is the same as the configured TDW length
· FFS: if both hopping interval and TDW length are not configured
· Note: hopping interval is only determined by the configuration of hopping interval if hopping interval is configured
Observation 5:
· 38.214 does not currently support the agreement from RAN1#107 on the default frequency hopping length
Proposal 2:
· Correct the Rel-17 frequency hopping pattern in 38.214 to set the default hopping interval to be the same as the configured hopping length, according to the green text below 
38.214 section 6.3.1:
	
In case of inter-slot frequency hopping and when PUSCH-DMRS-Bundling is enabled or PUSCH-Frequencyhopping-Interval is configured, the starting RB during slot  is given by: 
	[]


where  is the current slot number within a system radio frame,  is the number of the system radio frame containing the current slot,  is the number of slots per frame for subcarrier spacing configuration of the UL BWP that the PUSCH is transmitted on,  is the value of the higher layer parameter PUSCH-Frequencyhopping-Interval if configured and otherwise  is the value of the higher layer parameter PUSCH-TimeDomainWindowLength,  is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Clause 6.1.2.2.2) andis the frequency offset in RBs between the two frequency hops.



38.213 section 9.2.6:
	-	if the UE is configured to perform frequency hopping for repetitions of a PUCCH transmission across slots and the UE is provided PUCCH-DMRS-Bundling = 'enabled' or PUCCH-Frequencyhopping-Interval,
-	the UE performs frequency hopping per interval of  consecutive slots, that start from a slot indicated to the UE and where the UE would transmit a first repetition of the PUCCH, where  is the value of PUCCH-Frequencyhopping-Interval, if provided; otherwise,  is the value of PUCCH-TimeDomainWindowLength



[bookmark: _Ref92399316]Frequency hopping pattern definition
The frequency hopping pattern is tentatively specified in 38.214 section 6.3.1 with the following:
	
In case of inter-slot frequency hopping and when PUSCH-DMRS-Bundling is enabled, the starting RB during slot  is given by: 
	[]


where  is the current slot number within a system radio frame,  is the number of the system radio frame containing the current slot,  is the number of slots per frame for subcarrier spacing configuration of the UL BWP that the PUSCH is transmitted on,  is the value of the higher layer parameter PUSCH-Frequencyhopping-Interval,  is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Clause 6.1.2.2.2) andis the frequency offset in RBs between the two frequency hops.


It was debated in the post-RAN1#108 email discussion of the 38.214 CR if the use of the system frame number  was appropriate, and consequently the equation for the Rel-17 inter-slot frequency hopping pattern was marked as tentative with square brackets (highlighted yellow above). Including the system frame number in the hopping equation as it is in the tentative text seems needed, since relatively long hopping intervals are defined as well as those that don’t evenly divide the number of slots in a radio frame.  Other solutions than explicitly calling out the system frame number could be considered, but the hopping pattern should work well for all values of the hopping interval, and it should be based on the (‘physical’) slot index.
Observation 6:
· Including the system frame number in the Rel-17 inter-slot frequency hopping pattern equation supports the relatively large values of hopping interval that can be configured for Rel-17 hopping.
Proposal 3:
· Remove the square brackets around the equation for Rel-17 inter-slot frequency hopping in 38.214 section 6.3.1. 
[bookmark: _Ref86840165]Definition of Semi-static vs. Dynamic Events
In RAN1#107bis, a potential problem was identified with respect to the interaction of semi-static and dynamic events.  This led to the following proposal, which remains an open issue in this meeting.
[bookmark: OLE_LINK30]Proposal 3-v4:
For UE not capable of restarting DM-RS bundling,
· If a semi-static event is triggered after one or multiple dynamic events, a new actual TDW is created after the semi-static event.
· If a semi-static event overlaps with a dynamic event, a new actual TDW is created after the semi-static event.
· Note: No specification impact is expected.
The following agreements were identified as relevant:
Agreement:
· If DM-RS bundling is supported, UE is mandatory to support restarting DM-RS bundling due to semi-static events. UE capability of restarting DMRS bundling is applied only to dynamic events.
· An event is regarded as a dynamic event if it is triggered by a DCI or MAC-CE, otherwise it is regarded as a semi-static event.
· Note: At least frequency hopping event is considered as semi-static event.

Agreement:
· If the power consistency and phase continuity are violated due to an event, whether a new actual TDW is created is subject to UE capability of supporting restarting DMRS bundling.
· If UE is capable of restarting DM-RS bundling, one new actual TDW is created after the event, 
· FFS: The start of the new actual TDW is the first available slot/symbol for PUSCH transmission after the event.
· If UE is not capable of restarting DM-RS bundling, no new actual TDW is created until the end of the configured TDW.
The first bullet of the proposal does not seem to be correct given the bullet from the last agreement above:
· If UE is not capable of restarting DM-RS bundling, no new actual TDW is created until the end of the configured TDW.
As soon as the dynamic event occurs, bundling stops until the nominal TDW ends, and so if a semi-static event follows the dynamic event, there is no actual TDW created in the nominal TDW.
Regarding the second bullet, if the dynamic event starts before or after the event or is simultaneous with the semi-static event, does not seem to matter.  As soon as the dynamic event starts, bundling stops until the end of the TDW.  If the semi-static event precedes the dynamic event, any missed symbols due to the semi-static event are in addition to those of the dynamic event.
The behavior with mixed semi-static and dynamic events is illustrated in Figure 1 below. An example where a dynamic event starts before a semi-static event is shown. Since the UE is not capable of restarting for dynamic events, all slots after both the dynamic and semi-static events until the end of the nominal TDW are ineligible for bundling.  
[image: ]
[bookmark: _Ref101711385][bookmark: _Ref95753243]Figure 1: Semi-static and Dynamic Events in Window Determination
If we consider a UE that is capable of restarting bundling, and if there are overlapping semi-static and dynamic events, the symbols excluded from the actual TDWs are the union of the symbols of the events. 
Observation 7:
· The agreed behavior for DMRS bundling with respect to the interaction of dynamic and semi-static events seems clear, and is in our understanding:
· If a UE does not support restarting DMRS bundling, as soon as a dynamic event occurs, bundling stops until the end of the current nominal TDW
· This is regardless of the presence of a semi-static event.
· If a UE does support restarting DMRS bundling, the symbols excluded from bundling are the union of the symbols of all events.
· This is regardless of the types of the events
In RAN1#108, discussions toward the end of the meeting focused on if 38.214 is clear for UEs not capable of restarting DMRS bundling. 38.214 section 6.1.7 presently says 
“Events which cause power consistency and phase continuity not to be maintained … are”
“When PUSCH-Window-Restart is enabled, the start of a new actual TDW is the first symbol of the PUSCH transmission after the event”, 
“The end of an actual TDW” is either “The last symbol of the last PUSCH transmission in a slot for PUSCH transmission” or “The last symbol of a PUSCH transmission before the event if an event occurs which causes power consistency and phase continuity not to be maintained across PUSCH transmissions”
“The UE shall maintain power consistency and phase continuity within an actual TDW … in case the actual TDW is created in response to frequency hopping or in response to any event not triggered by DCI or MAC-CE.”
“The UE maintains power consistency and phase continuity within an actual TDW … in case the actual TDW is created in response to an event triggered by DCI other than frequency hopping or by MAC-CE, subject to UE capability.”
In Figure 2 below, a dynamic event precedes a semi-static event in a second slot of a 4 slot nominal TDW.  According to the text above, ATDW1 is created immediately after the dynamic event.  For there to be a restart, one might say the spec says that ATDW1 should end at the of the semi-static event. In that case, ATDW2 could start after the dynamic event. However, since events are things that cause continuity/consistency to be *not* maintained, and aTDWs end before an event which loses continuity/consistency, once continuity/consistency is lost for an ATDW, we don’t think it can be regained, since it is lost for this ATDW according to the UE capability.  Therefore, it is our understanding that the current spec creates ATDW1 such that starts after the dynamic event and continues until the end of the nTDW, and that the UE does not support continuity/consistency within this window.

[image: ]
[bookmark: _Ref101711401]Figure 2: Alternative Interpretations of Semi-static and Dynamic Events in Window Determination
So, while it may not be straightforward to read, the spec seems to work.  If it is felt that clarification is needed, one possibility could be the following change to the text in 38.214 section 6.1.7: 
-	When PUSCH-Window-Restart is enabled and if the event occurs within an actual TDW for which the UE shall maintain power consistency and phase continuity, the start of a new actual TDW is the first symbol of the PUSCH transmission after the event which causes power consistency and phase continuity not to be maintained across PUSCH transmissions of PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant, or PUSCH repetition type B or TB processing over multiple slots within the nominal TDW, and the PUSCH transmission is in a slot for PUSCH transmission of PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant, or PUSCH repetition type B or TB processing over multiple slots.
In this way, given the existing text “The UE shall maintain power consistency and phase continuity within an actual TDW … in case …”, it is more clear that if an event has already precluded continuity/consistency for an ATDW, continuity/consistency requirements are not reimposed by an event.  We therefore propose:
Observation 8:
· Given careful interpretation, the behavior for DMRS bundling with respect to the interaction of dynamic and semi-static events appears to be correct in 38.214
Proposal 4:
· If it is felt that clarification is needed with respect to the interaction of dynamic and semi-static events, revise 38.214 section 6.1.7 as follows to clarify that events do not reimpose continuity/consistency requirements within an ATDW:
-	When PUSCH-Window-Restart is enabled and if the event occurs within an actual TDW for which the UE shall maintain power consistency and phase continuity, the start of a new actual TDW is the first symbol of the PUSCH transmission after the event which causes power consistency and phase continuity not to be maintained across PUSCH transmissions of PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant, or PUSCH repetition type B or TB processing over multiple slots within the nominal TDW, and the PUSCH transmission is in a slot for PUSCH transmission of PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant, or PUSCH repetition type B or TB processing over multiple slots.
Transmit Power Control (TPC) Processing in a Time Domain Window
In RAN1#107, support for group common TPC commands during a configured time domain window was agreed via the following working assumption:
Working assumption:
· The action of group common TPC commands with format 2_2 does not constitute an event that violates power consistency and phase continuity.
· If UE is configured to accumulate TPC commands,
· If UE receives TPC commands that would take into effect during a configured TDW, UE accumulates TPC commands without taking effect during the current configured TDW. TPC commands take effect after the current configured TDW.
· If UE is not configured to accumulate TPC commands
· the last TPC command that would take effect within a configured TDW supersedes all previous TPC commands that take effect within that configured TDW and only the last TPC command is applied by the UE after the current configured TDW. 
· FFS: no more than 1 TPC command is expected to take effect during a configured TDW.
There was no agreement in RAN1#107bis or in RAN1#108 on how to implement this working assumption in 38.213, however.  One of the aspects that that limited progress was different understandings among companies on how both accumulated and absolute power control function in Rel-15/16.  This led to a Rel-15 CR discussion [2] clarifications for the timing of DCI format 2_2 based power control timing for absolute power control and for dynamically granted PUSCH repetitions with accumulated power control.
The Rel-15 CR discussions first attempted to clarify which of the following interpretations could be assumed. 
·  Interpretation 1:  is defined as the number of OFDM symbols after a last symbol of a corresponding PDCCH reception and before a first symbol of the PUSCH transmission occasion i.
· With this interpretation, value of  for a PUSCH transmission occasion can be different from the one for another PUSCH transmission occasion among the same set of PUSCH repetitions for a TB.
·  For the example in Figure 1,  cannot be applied to repetition#2~4. 
[image: ]
Figure 1 from [2]. An example of Interpretation 1
·  Interpretation 2:  is defined as the number of OFDM symbols after a last symbol of a corresponding PDCCH reception and before a first symbol of the first transmission occasion of the PUSCH transmission.  
· With this interpretation, value of  for all PUSCH transmission occasions of a TB is the same.
·  For the example in Figure 2,  can be applied to repetition#3.  
[image: ]
Figure 2 from [2]. An example of Interpretation 2
·  Interpretation 3: For the first repetition of PUSCH repetitions,  is defined as Interpretation 1. For the second or subsequent repetitions of PUSCH repetitions,  is defined the same as CG PUSCH, i.e., . 
· With this interpretation, different rules are used to determine  between the first repetition and the subsequent repetitions. 
· For the example in Figure 2,  are replaced by . 
However, no consensus could be reached on which interpretation should be used. Consequently, the moderator proposed the following conclusion: 
No consensus was reached regarding the interpretation of  for DG PUSCH repetitions for accumulated TPC command. 
Regarding absolute power control commands with DCI format 2_2, it was asked:
Do you agree that absolute TPC command in a DCI format 2_2 with CRC scrambled by TPC-PUSCH-RNTI is supported for both DG PUSCH and CG PUSCH in Rel-15?
Multiple companies answered that the timeline was not defined and/or that the spec should be extended to support absolute TPC.  One reply was: 
There are three main reasons we think that absolute TPC is not supported for DCI 2_2.  
Firstly, in section 7.1 of 38.213, values for  are only provided for accumulated TPC, and so the timing for absolute TPC is not given in the specs.  If the timing was not provided, especially by this stage with Rel-17 closed, it’s hard to understand how that is not the intention.  Without the timing, the UE behavior is not known, and the feature is not supported, at least in a practical sense.  We observe that the issue of support for absolute power control with DCI 2_2 was discussed in RAN1#103 and #104, and this did not result in any changes to the specification (the related CR in 	R1-2100284 was rejected), nor conclusions to clarify the behavior
Secondly, the power control adjustment state is defined by , and so refers to a particular transmission occasion .  Since there is no dependence on prior values of , then  seems to influence only transmission occasion .  If the TPC command is received when the PUSCH is not being transmitted, then we don’t see how it applies.
Lastly, power control parameters are provided in ConfiguredGrantConfig for configured grant operation, and tpc-Accumulation is not included in this IE, and so it is not possible to use absolute TPC at least when only configured for PUSCH with ConfiguredGrantConfig.
The companies that answered that absolute TPC with DCI 2_2 is supported did not identify how the spec provides   Consequently, even if UEs implement absolute TPC for DCI 2_2, there is no evidence to support they would do so with the same timing.  Since deferring TPC commands requires the timing to be specified, it does not seem feasible to defer absolute TPC commands for DCI 2_2.
In the end, the outcome of the email discussion was that there was no agreement that absolute TPC with DCI format 2_2 is supported.  Furthermore, the chair indicated that all tdocs in the email discussion will be marked as rejected and no further discussion on the topics will be expected in future meetings.
Observations 9-10:
· Consensus for the timing of DCI format 2_2 commands for a dynamically scheduled PUSCH could not be reached in Rel-15 CR discussions in RAN1#108 [2]
· Consensus for the timing, and support of, absolute TPC commands with DCI format 2_2 could not be reached in Rel-15 CR discussions in RAN1#108 [2] or in RAN1#104
· Changing the timing of these absolute TPC commands to take effect after a TDW is therefore not possible, since the timing is not yet defined.
While we believe the timing of  in TS 38.214 for DG-PUSCH with accumulated TPC is clear for DCI format 2_2, given the lack of progress since RAN1#107 in coverage enhancement discussions and since even Rel-15/16 CR discussions could not clarify the issue we do not expect common understanding to be reached on the timing for this case.  Consequently, while in our view such mechanisms to defer power control commands according to the working assumption above are feasible for the accumulated PC case with DG PUSCH, they will probably not be able to be agreed.  This leaves us with the three options proposed by the moderator in RAN1#108:
· Alt 1: If no consensus on how to capture the working assumption can be reached in RAN1#108-e, it’s up to Editor how to capture it into the specification.
· Alt 2: If no consensus on how to capture the working assumption can be reached in RAN1#108-e, the action of group common TPC commands with format 2_2 is regarded as an event.
· Alt 3: If no consensus on how to capture the working assumption can be reached in RAN1#108-e, UE does not expect to receive group common TPC commands with format 2_2 that would take effect during the actual TDWs.
Alt 1 is unacceptable in our view, since it leaves it up to the editor how to design the power control deferral mechanism, and since RAN1 was unable to reach consensus on this design, it is not appropriate to specify a design despite this lack of consensus.
Alt 2 is feasible for accumulated power control if the timing when the events can occur can be agreed.  It is not feasible for absolute TPC since absolute TPC has no defined timing, and is in general not supported by the specifications as we discuss above.  If companies believe that DCI format 2_2 is not to be used with DG PUSCH, then support may need to be restricted to the CG PUSCH case.  
Alt 3 is also acceptable in our view, although a second choice, since we do not expect a UE configured for DMRS bundling will frequently receive power control commands.  Alt 2 is somewhat preferred, since it allows gNB to control whether bundling is preferred or if the UE should adjust its power in a dynamic way.  Alt 3 also may not be clear with respect to timing, since when the TPC commands will take into effect needs to be determined.
Observations 11-14:
· It is the responsibility of RAN1 to design features, whereas editors’ responsibility is only to implement the designed figures in specifications
· Specifying power control to be an event allows the network to dynamically prioritize power control over DMRS bundling
· If the UE does not expect power control for bundled slots, there may not be a large loss of performance, since power control should not be frequently used.
· Design details such as the timing of DCI 2_2 power control commands may need to be addressed for both if such TPC is an event or if the UE does not expect the TPC to take effect in an actual TDW
Proposals 5-6:
· The portion of the working assumption from RAN1#107 where the UE is not configured to accumulate TPC commands and a last TPC command supersedes all previous TPC commands in a configured TDW is not confirmed
· For the portion of the working assumption from RAN1#107 where the UE is configured to accumulate TPC commands, DCI format 2_2 power control is treated as an event (first preference), or the UE does not expect DCI format 2_2 commands that would take into effect during actual TDWs (second preference)

Summary
In this contribution, we first considered details of the frequency hopping (FH) design, considering suitable patterns and their relation to DMRS bundles. We then discussed an open issue in the current specifications on how events are defined for the purpose of time domain window determination.  How to specify transmit power control (TPC) using DCI format 2_2 was also covered. 
The observations can be summarized as:
Regarding frequency hopping:
· RAN1 has already extended the support for the Rel-17 hopping pattern beyond what is in the WID by supporting it for PUCCH
· Restricting the Rel-17 inter-slot hopping pattern to be used with DMRS bundling is artificial and inconsistent.
· The Rel-17 hopping pattern does not depend on DMRS bundling behavior
· Given events, a UE can be configured with DMRS bundling, but not actually bundle DMRS, and still hop according to the Rel-17 pattern
· Not all UEs may benefit from, or support, DMRS bundling, but such UEs should be able to hop with the same patterns used by DMRS bundling UEs in the same cell in order to maintain spectral efficiency when frequency hopping is used in the cell.
· As shown in [1], the Rel-17 inter-slot hopping pattern provides significant (e.g. ~0.5 dB) gains over the Rel-15 hopping pattern even when DMRS bundling is not configured. 
· Including the system frame number in the Rel-17 inter-slot frequency hopping pattern equation supports the relatively large values of hopping interval that can be configured for Rel-17 hopping.
For the definition of dynamic vs. static events:
· The agreed behavior for DMRS bundling with respect to the interaction of dynamic and semi-static events seems clear, and is in our understanding:
· If a UE does not support restarting DMRS bundling, as soon as a dynamic event occurs, bundling stops until the end of the current nominal TDW
· This is regardless of the presence of a semi-static event.
· If a UE does support restarting DMRS bundling, the symbols excluded from bundling are the union of the symbols of all events.
· This is regardless of the types of the events
· Given careful interpretation, the behavior for DMRS bundling with respect to the interaction of dynamic and semi-static events appears to be correct in 38.214

On DCI format 2_2 power control:
· Consensus for the timing of DCI format 2_2 commands for a dynamically scheduled PUSCH could not be reached in Rel-15 CR discussions in RAN1#108 [2]
· Consensus for the timing, and support of, absolute TPC commands with DCI format 2_2 could not be reached in Rel-15 CR discussions in RAN1#108 [2] or in RAN1#104
· Changing the timing of these absolute TPC commands to take effect after a TDW is therefore not possible, since the timing is not yet defined.
· Specifying power control to be an event allows the network to dynamically prioritize power control over DMRS bundling
· If the UE does not expect power control for bundled slots, there may not be a large loss of performance, since power control should not be frequently used.
Based on the observations and discussions, we have following proposals.
Proposals:
1. The Rel-17 frequency hopping pattern can be configured independently from DMRS bundling.
· Changes include the following for 38.213 and 38.214, marked in red 
38.213 section 9.2.6:
	-	if the UE is configured to perform frequency hopping for repetitions of a PUCCH transmission across slots and the UE is provided PUCCH-DMRS-Bundling = 'enabled' or PUCCH-Frequencyhopping-Interval,
-	the UE performs frequency hopping per interval of  consecutive slots, that start from a slot indicated to the UE and where the UE would transmit a first repetition of the PUCCH, where  is the value of PUCCH-Frequencyhopping-Interval, if provided; otherwise,  is the value of PUCCH-TimeDomainWindowLength



38.214 section 6.3.1:
	
In case of inter-slot frequency hopping and when PUSCH-DMRS-Bundling is enabled or PUSCH-Frequencyhopping-Interval is configured, the starting RB during slot  is given by: 
	[]


where  is the current slot number within a system radio frame,  is the number of the system radio frame containing the current slot,  is the number of slots per frame for subcarrier spacing configuration of the UL BWP that the PUSCH is transmitted on,  is the value of the higher layer parameter PUSCH-Frequencyhopping-Interval if configured and otherwise  is the value of the higher layer parameter PUSCH-TimeDomainWindowLength,  is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Clause 6.1.2.2.2) andis the frequency offset in RBs between the two frequency hops.




2. Correct the Rel-17 frequency hopping pattern in 38.214 to set the default hopping interval to be the same as the configured hopping length
· Use the changes marked in green above in 38.214 section 6.3.1
3. Remove the square brackets around the equation for Rel-17 inter-slot frequency hopping in 38.214 section 6.3.1.
· The square brackets are highlighted yellow in the text above
4. If it is felt that clarification is needed with respect to the interaction of dynamic and semi-static events, revise 38.214 section 6.1.7 as follows to clarify that events do not reimpose continuity/consistency requirements within an ATDW:
-	When PUSCH-Window-Restart is enabled and if the event occurs within an actual TDW for which the UE shall maintain power consistency and phase continuity, the start of a new actual TDW is the first symbol of the PUSCH transmission after the event which causes power consistency and phase continuity not to be maintained across PUSCH transmissions of PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant, or PUSCH repetition type B or TB processing over multiple slots within the nominal TDW, and the PUSCH transmission is in a slot for PUSCH transmission of PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant, or PUSCH repetition type B or TB processing over multiple slots.
5. The portion of the working assumption from RAN1#107 where the UE is not configured to accumulate TPC commands and a last TPC command supersedes all previous TPC commands in a configured TDW is not confirmed
6. For the portion of the working assumption from RAN1#107 where the UE is configured to accumulate TPC commands, DCI format 2_2 power control is treated as an event (first preference), or the UE does not expect DCI format 2_2 commands that would take into effect during actual TDWs (second preference)
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