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1. Introduction
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]In this contribution, we discuss coverage enhancement based on repetitions, focusing on remaining details about DM-RS bundling and frequency hopping.
2. Discussion
2.1. DM-RS bundling for PUCCH/PUSCH repetitions
	Agreements: Subject to the prerequisite of DMRS bundling for PUCCH repetitions, enhance inter-slot frequency hopping pattern for PUCCH repetitions with DMRS bundling. 
· FFS: details in inter-slot frequency hopping pattern enhancement, e.g., additional frequency hopping patterns than Rel-16.
· Strive for common design for PUSCH/PUCCH with DMRS bundling as much as possible

Conclusion: For PUCCH repetitions, the following use cases are deprioritized in RAN1 work on PUCCH DMRS bundling.
· Use case 1: back-to-back PUCCH repetitions within one slot.
· Use case 2: non-back-to-back PUCCH repetitions within one slot.
· Use case 2a: no uplink transmission in the middle of two PUCCH repetitions.
· Use case 2b: other uplink transmissions in the middle of two PUCCH repetitions.

Agreement
· For DMRS bundling for PUCCH repetitions, RAN1 at least prioritize use cases 3 and 4a in R1-2104119.

Conclusion
· Joint channel estimation over PUSCH transmissions across non-consecutive slots is not supported in Rel-17.



The frequency hopping pattern can be discussed jointly with DM-RS bundling because the coherence requires a disabled frequency hopping. However, the frequency diversity gain should be also guaranteed, and some ideas has been proposed by companies. In our view, the number of frequency hopping can have more than 2 hops, and the hopping boundary can be determined by the available UL symbols.
The PUCCH repetitions occupy the UL symbols guaranteeing the repetition factor, and depending on DL symbols, the frequency hopping boundary can be shifted at DL-UL switching boundaries. When a UE is at the edge of UL coverage, the PUCCH would be repeated a lot and the PUCCH repetitions can experience several DL-UL switching points. We think that each DL-UL switching point may or may not let a frequency hopping, and there are many hops depending on the UE’s link budget and the slot pattern. 
Suppose that the PUCCH repetitions can be split by N switching points. Then the UE has N+1 splits, where each split can consist of PUCCH repetitions. Each split may or may not have the same frequency resource. Its frequency resource can be given by the second PRB index. The UE should perform DM-RS bundling within a split, thus the split can have own coherence per capability.
In order to determine hopping boundaries for a PUCCH occasion, the relevant agreements are captured below. We discuss each option briefly and show our preference. 
	Agreement: 
For the interaction between inter-slot frequency hopping and DMRS bundling for PUCCH/PUSCH repetitions, a UE perform the “hopping intervals determination”, “configured TDW determination”, and “actual TDW determination” in a sequential ordering. One option of the following options is to be selected.   
· Option 1: “hopping intervals determination” -> “configured TDW determination” -> “actual TDW determination”
· Option 2: “configured TDW determination” -> “hopping intervals determination” -> “actual TDW determination”
· Option 4: “configured TDW determination” -> “actual TDW determination” and “hopping intervals determination”
Note: option 1 and 2 assume a hopping interval can be different than an actual TDW. Option 4 assumes a hopping interval is the same as an actual TDW.



Regarding the Option 1, the hopping intervals are fixed and then the TDW is considered. The UE performs legacy behaviour and in addition performs the TDW related behaviour. This approach does not change the hopping boundary and only actual TDW is applied depending on the events where the UE can keep the coherence. 
In one hand, this approach can maintain the multiplexing capability between the TDW operating PUSCH/PUCCH and the legacy PUSCH/PUCCH, as some companies also pointed out. The gNB may reuse the multi-user scheduler with channel estimation gains for edge UEs. 
On the other hand, we think that resource efficiency may not be the key factor to down select one option because the gNB does not need to multiplex legacy UEs and edge UEs and the gNB can still multiplex edge UEs. We think that the focus of this work item would be the performance of an edge UE. If we discuss the efficiency, then we should discuss in terms of performance benefit because the resource overhead would be huge once retransmission occurs at the edge.
[bookmark: _Ref86931957][bookmark: _Ref86932061]Observation 1: The hopping interval determination should consider performance benefit to minimize possible retransmissions.
Regarding the Option 2 and the Option 4, the TDW affects the hopping interval. For Option 2, the hopping interval is determined regardless of actual TDW. For Option 4, the hopping interval is affected by the actual TDW. Comparing with Option 1, those options do not regard legacy behaviour as a top priority and more focus on the slot aggregation with coherence.
The Option 2 determines the actual TDW with configured TDW and hopping interval. The actual TDW may not be changed or optimized and be determined as many slots as possible. The actual TDW can be determined due to the dynamic SFI and so on. The configured behaviour can be applied first and the dynamic behaviour later. It can be also seen as being determined by an implicit rule.
The Option 4 determines the actual TDW within configured TDW, and later hopping interval is determined later. In this case, the actual TDW can be further optimized. The implicit rule can be applied and the appropriate hopping interval can be determined.
In our understanding, Option 4 can be more optimized than Option 2 in terms of performance. This is because the hopping interval is determined at the latest based on all available information. By using some implicit rule, the slot can be aggregated as many as the UE can keep coherences. This will increase the joint channel estimation performance at the gNB. The UE can minimize the number of hops within the configured TDW. 
Some companies concerned about the fragmented resource usage. Each UE has own capability and own configured TDW. Also, each UE may have different actual TDW due to some dynamic events. The hopping interval is probably different for each UE. 
We also share the same view about the fragmentation, but do not tend to agree with the multiplexing order. It may not be a big issue if multiplexing edge UEs are not very efficient. In our view, the gNB can multiplex center UEs and edge UEs; single slot PUSCH/PUCCH without frequency hopping and multi-slot PUSCH/PUCCH. We think that number of edge UEs are typically smaller than the number of center UEs. Therefore, we would like to suggest the RAN1 should more focus on the performance in order to minimize potential retransmission which would waste more resources (by using more repetition factor or lower MCS etc).
The ULCI can be received to the edge UE, which would transmit PUSCH of priority index 0. This applies to both TDD and FDD, and the coherence may be break. The actual TDW could be refined since as far as we understand, the UE-specific DCI precedes the group common DCI.
[bookmark: _Ref86932068]Proposal 1: Option4 (configured TDW determination” -> “actual TDW determination” and “hopping intervals determination) is preferred.
Frequency hopping boundary:
In the following paragraphs, we consider the case where DM-RS bundling window (based on capability) is shorter than the repetitions and the UE may not maintain consistency during all repetitions. For simplicity, we consider the UL multiplexing case 3, 4a, 5a, i.e., no UL transmissions between PUCCH repetitions.
For convenience, assuming K (as the repetition factor) instances for PUCCH transmissions in FDD, a UE can be configured a coherence window (from the agreement). The consecutive K (sub)slots may not be in the coherence window. In this case, there are two alternatives to determine a hopping boundary.
· Alt 1: About a half of K would comprise a split.
· Alt 2: The maximum number of instances in the coherence window would comprise a split.
The remaining instances would comprise another split. The Alt 1 have similar channel estimation performance between two splits. The Alt 2 has the better first split in terms of channel estimation performance than the second split because the first split has as many instances as the coherence window spans and the second split has the remaining instances. 
Comparing two alternatives, we think that the Alt 1 can perform better than the Alt 2. If the Alt 2 performs better than the Alt 1, the longer split (which is the first split) should have better channel quality. However, the Alt 1 does not depend on the channel quality.
If we extend the same approach to the TDD, then the hopping boundary can be additionally determined by the TDD slot pattern.
[bookmark: _Ref71546874][bookmark: _Ref86918516]Proposal 2: If inter-slot frequency hopping is enabled, then the PUCCH repetition may hop in the middle of slot, depending on the TDD slot pattern and the number of repetitions, and the coherence can be kept in the same split.
Multiplexing TDWs in a UE:
In addition, PUCCH repetitions may not be ended when another UL repetition (PUCCH or PUSCH) begins, which is the use case 4b and 5b. In this case, the latter UL repetition may break the coherence of the former PUCCH repetition. This requires further discussions how to keep the coherence or to begin a new coherence window.
In one alternative, we can prevent the latter UL repetition, or we can allow the latter UL repetition but for a limited purpose such as having higher priority index or priority by UCI types. Note that different PUCCH repetitions do not overlap in time.
For instance, while HARQ-ACK PUCCH is repeated and CSI PUCCH may not be transmitted before the former HARQ-ACK PUCCH repetitions end. We do not intend to delay CSI PUCCH repetitions and simply can drop all CSI PUCCH repetitions. This can be generalized to any UCI type of the same priority index.
Similarly, while CSI PUCCH is repeated, the HARQ-ACK PUCCH can begin its repetition. Since CSI PUCCH and HARQ-ACK PUCCH do not probably have the same power, transmitting two different PUCCH repetitions would not keep coherence. In this case, the former PUCCH repetitions can simply be dropped.
[bookmark: _Ref83825062][bookmark: _Ref86918459]Proposal 3: UCI repetition with DM-RS bundling can prioritize with respect to its UCI type (of a same priority index).
2.2. Events that violate coherences for PUCCH/PUSCH repetitions
	Agreement
Down-select one of the following options:
   Option 1: 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.
   Option 2: UE capability of restarting DMRS bundling is applied to both semi-static events and dynamic events.

Agreement
Support at least the following events that violate power consistency and phase continuity.
‐   Dropping/cancellation based on Rel-15/16 collision rules.
‐   FFS: Rel-17 collision rules.
‐   DL slot or DL reception/monitoring based on semi-static DL/UL configuration for unpaired spectrum.
‐   FFS: Other UL transmission in between PUSCH/PUCCH transmissions.
‐   Gap between two PUSCH/PUCCH transmissions exceeds 13 symbols.
‐   FFS: Transmission parameters need to be changed due to network-indicated operations, including: Tx power, UL beam/TPMI, and RB allocation.
‐   FFS: TPC command.
‐   FFS: TA adjustment.
‐   FFS: The actual TDW reaches the maximum duration.
‐   FFS: Frequency hopping.
‐   FFS: Precoder cycling.
‐   FFS: other events.
‐   FFS: whether events are semi-static events or dynamic events.
‐   FFS: the time duration of an event.



With regard to power consistency and phase continuity, many studies are required. In this subsection, we focus on TPC and TA, and the overlapped TDWs.
 FFS: Other UL transmission in between PUSCH/PUCCH transmissions
When one UL repetitions may not be ended when another UL repetition (PUCCH or PUSCH) begins, the latter UL repetition may break the coherence of the former UL repetition.
In one alternative, we can prevent the latter UL repetition, or we can allow the latter UL repetition but for a limited purpose such as having higher priority index or priority by UCI types. More detailed description is in the previous section, and we proposed: If inter-slot frequency hopping is enabled, then the PUCCH repetition may hop in the middle of slot, depending on the TDD slot pattern and the number of repetitions, and the coherence can be kept in the same split. 
FFS: TPC command:
	Agreement 
Make down-selection between the following two alternatives:
· Alt 1: UE is not expected to receive TPC commands during the current time domain window.
· Alt 2: UE receives and accumulates TPC commands without taking effect during the current time domain window.



The TPC can be received by scheduling DCIs and group common DCIs. The legacy behaviour is to accumulate all received commands and apply after some time. We can basically extend the behaviour when the TDW is configured. 
The Alt 1 is that the direct extension of the current specification, whose UE accumulates TPC commands and apply after some time. The UE does not change the current behaviour if the UE does not receive such commands regardless of its configured TDW. 
Recall that the scheduling DCI includes the TPC field and group common DCI for TPC commands can be configured, while UE-specific DCI is not received, the group common DCI would indicate 0 dB in the accumulation mode.
The Alt 1 imply a scheduling gap because UL-DCI has TPC for PUSCH and DL-DCI has TPC for PUCCH. Following the description, the Alt 1 does not allow overlapped UL occasions. We think that edge UE may not require high throughput, however the Alt 1 concerns that DL throughput and UL throughput are coupled, e.g., by their scheduling restriction. This might be an issue though the latency is not critical for edge UE and the back-to-back UL transmission for joint channel estimation is likely to confine into minimal slots.
The Alt 2 is that a UE regards a PUSCH occasion as one hypothetical PUSCH repetition, and just as a UE does not apply TPC commands during a PUSCH repetition, the UE may not apply the TPC commands. The UE may receive the TPC commands from the DCIs but it accumulates commands using additional memory which is not necessary in the current specification.
In some case, the accumulated value can be large and in turn the UE may not be able to switch such large variations. If this value is too large, then the new test could be necessary. Thus, it is desirable to accumulate minimal number of commands.
Comparing two alternatives, we slightly prefer the Alt 2 because of possible scheduling restriction of the Alt 1 can be more problematic.
[bookmark: _Ref86932074]Proposal 4: The Alt 2 (TPC command applications after TDW) is preferred.
FFS: TA adjustment.
	Agreement
· UE should not perform TA adjustment during the time domain window.
‐   FFS: UE does not expect to receive TA command to indicate TA adjustment during the TDW.
‐   FFS: UE ignores any TA command which indicates TA adjustment during the TDW.
‐   FFS: UE performs TA adjustment after the TDW if it receives any TA command indicating TA adjustment during the TDW.



Similar to TPC, TAC adjustment has a remaining issue, i.e., to whether TAC reception and application are decoupled. Unlike TPC issue, the TAC is received as a TB. The gNB may not schedule PDSCH including TAC. We see no significant issue if the TA adjustment waits for the end of a TDW. For edge UEs operating DM-RS bundling, the mobility should be minimized and TAC may not be needed. Even TA auto adjustment may not be required though TAC should be maintained as the above agreement describes.
[bookmark: _Ref86932079]Proposal 5: The TAC being not received during the TDW is preferred.
3. Conclusion
We address our view on coverage enhancements and propose the followings:
Observation 1: The hopping interval determination should consider performance benefit to minimize possible retransmissions.
Proposal 1: Option4 (configured TDW determination” -> “actual TDW determination” and “hopping intervals determination) is preferred.
Proposal 2: If inter-slot frequency hopping is enabled, then the PUCCH repetition may hop in the middle of slot, depending on the TDD slot pattern and the number of repetitions, and the coherence can be kept in the same split.
Proposal 3: UCI repetition with DM-RS bundling can prioritize with respect to its UCI type (of a same priority index)
Proposal 4: The Alt 2 (TPC command applications after TDW) is preferred.
Proposal 5: The TAC being not received during the TDW is preferred.
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