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Introduction
In this document we discuss some of the remaining issues on DMRS bundling for PUSCH transmissions. In particular, we focus on TPC update handling and inter-slot frequency hopping with DMRS bundling.
For quick reference, agreements made in RAN1 107-e meeting are included in the appendix.
Applicability of DMRS Bundling
Currently, DMRS bundling can be enabled for all modulation orders. DMRS bundling is also currently only enabled within PUSCH repetitions. Since PUSCH repetitions are likely to only be used in a coverage-limited scenario, only low MCS values are associated with these PUSCH repetitions. Thus, for practical use cases, DMRS bundling for lower modulation orders is the most relevant scenario to consider. DMRS bundling for higher order modulations may require tighter constraints on phase and amplitude continuity and could drive up UE development costs. Additional RAN4 tests may also be required. To avoid this unnecessary overhead, we suggest that DMRS bundling be restricted to lower order modulations. 
Proposal 1: Restrict DMRS bundling for PUSCH to only MCS values that correspond to QPSK or lower modulation orders.
TPC Update Handling
In RAN1 107-e, on the issue of interaction between TPC updates and DMRS bundling, the following working assumption was agreed:
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.

In the subsequent spec. update phase, there was no consensus on how to capture this in the relevant section of the spec. Rather than redefining the notion of a transmission occasion, a simpler more direct means of capturing the above agreement would be preferred. We make the following proposal in this regard:
Proposal 2: Capture the agreement on deferring TPC updates to the end of nominal TDWs using the following text proposal in 38.213, Section 7.1.1:
“If the UE is provided PUSCH-DMRS-Bundling = ‘enabled’, and transmission occasion  is not the last transmission occasion within a nominal time domain window, then any TPC command values received via DCI format 2_2 contained in the set  are deleted and added to the set  where  is a transmission occasion occurring after the end of the nominal time domain window.”

Interaction with Inter-slot Frequency Hopping
In RAN1 107-e meeting, the following agreement was reached:
	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”
· DMRS bundling shall be restarted at the beginning of each frequency hop
· DMRS bunding is per actual TDW
· FFS: Frequency hopping pattern is determined by physical slot indices.
· FFS: different FH pattern determination for PUCCH and PUSCH
· FFS: details of FH pattern design
· 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




In the following we discuss the determination of the frequency hopping pattern and its dependence on physical slot indices.
[bookmark: _Hlk71027981]We propose the following procedure to describe how inter-slot frequency hopping and DMRS bundling may interact with each other and be enabled at the same time.
For the purposes of DMRS bundling, a gNB may configure a UE with a new frequency hopping pattern. This new frequency pattern defines groups of contiguous physical slots that are assigned to each frequency hop. For example, slots 0 to 3 could be assigned to first hop, slots 4 to 7 could be assigned to second hop, and so on. Note that this a predetermined/static mapping between hops to physical slots. This strives to prioritize frequency hopping and the efficient use of resources over DMRS bundling.
Thus, once UE determines the set of available slots for a sequence of PUSCH repetitions, it assigns hop indices to each slot that’s available based on the predetermined hopping patter that it is configured with. Once these two steps are completed, it proceeds to determining the placement of the time domain windows. Hop indices are factored into time domain window locations and two slots with different hop indices are not bundled together.
The three-step procedure can be summarized as follows:
1. Identify available slots for PUSCH/PUCCH reps
1. Determine frequency hopping index for each available slot based on the configured hopping pattern for DMRS bundling
1. Determine configured TDWs for DMRS bundling assuming frequency hop allocations made in Step 2. UE ensures that no two slots with different hop indices are bundled together.

The above process is figuratively represented below, where a UE is scheduled to transmit PUSCH with 8 repetitions and a 4-slot hopping pattern. Note that the hopping pattern is decoupled from the start of PUSCH repetitions.
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Figure 6 Inter-slot frequency hopping with DMRS bundling
With the above discussion in mind, we make the following proposal.
Proposal 3: Frequency hopping pattern for PUSCH DMRS bundling is determined based on physical slot indices. 

Joint Channel Estimation in presence of PTRS 
In 5G NR, PTRS was introduced to track phase noise (especially for FR2). Compared to DMRS, PTRS has lesser frequency density, which results in much smaller overhead (compared to DMRS). In presence of DMRS, gNB may be able to not only track the continuous phase noise inside a time slot, but also estimate the phase jumps across slots. In this, by compensating the estimated phase jumps across slots, gNB may be able to apply DMRS bundling even for the case that UE is not able of maintaining phase continuity or when the phase continuity is not perfect. However, relying on PTRS for estimating the phase jumps and compensating them may require a higher density for PTRS (e.g., higher time density). Currently, the presence of PTRS and its time density is determined based on configurable thresholds for MCS (as shown in Table 1).
Table 1. Determining presence of PTRS and its time density based on configured MCS thresholds.
	Scheduled MCS
	Time density

	IMCS < ptrs-MCS1
	PT-RS is not present

	ptrs-MCS1 IMCS < ptrs-MCS2
	4

	ptrs-MCS2 IMCS < ptrs-MCS3
	2

	ptrs-MCS3 IMCS < ptrs-MCS4
	1



It would be useful to allow a different set of MCS thresholds to determine the presence of PTRS (and its time density), when DMRS bundling is applied.      
Proposal 4: Support different criteria for activation of PTRS or its density for the case of joint channel estimation.
Figure 4 shows the performance of PUSCH repetition over two time slots, when a random phase jump (glitch) is applied at the slot boundary (i.e. the worst case which means no phase continuity). In absence of phase jump, no PTRS is needed for PUSCH reception for MCS 7, while it is useful for MCS 16. However, when DMRS bundling is applied in presence of the phase jump, PTRS becomes necessary for both MCS 7 and MCS 16. This shows that different MCS thresholds are useful to determine presence of PTRS (or its time density). The simulation results also show that when gNB can rely on PTRS for estimating the phase jumps, the phase continuity requirement can be relaxed. 
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Figure 7. Reception of PUSCH repetition over two time slots, in presence of worst random phase jump at the slot boundary and using PTRS to estimate and compensate it (with PTRS with time density of every other symbol)

Conclusion 
[bookmark: _Hlk23927392]This document discusses our views on the open issues for DMRS bundling across PUSCH repetitions. In particular, we make the following proposals:
Proposal 1: Restrict DMRS bundling for PUSCH to only MCS values that correspond to QPSK or lower modulation orders.
Proposal 2: Capture the agreement on deferring TPC updates to the end of nominal TDWs using the following text proposal in 38.213, Section 7.1.1:
“If the UE is provided PUSCH-DMRS-Bundling = ‘enabled’, and transmission occasion  is not the last transmission occasion within a nominal time domain window, then any TPC command values received via DCI format 2_2 contained in the set  are deleted and added to the set  where  is a transmission occasion occurring after the end of the nominal time domain window.”
Proposal 3: Frequency hopping pattern for PUSCH DMRS bundling is determined based on physical slot indices. 
Proposal 4: Support different criteria for activation of PTRS or its density for the case of joint channel estimation.
Reference
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Appendix A: Agreements from RAN1-107-e meeting [1]
	Agreement
Support Option 1’-a
Option 1’-a: 
· If L is configured, the maximum value of window length L of the configured TDW should not exceed the maximum duration, which is reported as UE capability as the duration where UE is able to maintain power consistency and phase continuity subject to power consistency and phase continuity requirements.
· If L is not configured, the default value of L = min (maximum duration, duration of all PUSCH repetitions)

Agreement
· For non-back-to-back PUSCH/PUCCH transmissions across consecutive slots, the other uplink transmission in the middle of two PUSCH/PUCCH transmissions constitutes an event that violates power consistency and phase continuity.
 
Conclusion
· Dynamic indication of the window length L of the configured TDW by DCI or indicated by TDRA table with one additional entry is not supported.

Agreement
This working Assumption is confirmed.
Working assumption:
· The start of the first actual TDW is the first symbol (at least determined by TDRA table) for the first PUSCH transmission in an available slot within the configured TDW.
· The end of the actual TDW is
· the last symbol (at least determined by TDRA table) for the last PUSCH transmission in an available slot within the configured TDW if the actual TDW reaches the end of the last PUSCH transmission within the configured TDW.
·  the last symbol (at least determined by TDRA table) of the PUSCH transmission right before the event if an event occurs that violates power consistency and phase continuity, and the PUSCH transmission is in an available slot.
· For UE capable of restarting DM-RS bundling, the start of the new actual TDW is the first symbol (at least determined by TDRA table) for PUSCH transmission after the event violates power consistency and phase continuity, and the PUSCH transmission is in an available slot.
Agreement
· The action of gNB indicated TA commands constitutes an event that violates power consistency and phase continuity.

Agreement
· UE should not perform UE autonomous TA adjustment during the actual time domain window.


Agreement
· The candidate values of the window length L of the configured TDW can be any integer value that is larger than 1 and no larger than the maximum duration.

Agreement 
The following agreement is clarified as follows.
· For PUSCH repetition type A counting based on available slots,
· “The configured TDWs are determined based on available slots” in the agreement means “The start of the configured TDWs is determined based on available slots”
Agreement(RAN1#106b-e)
· For PUSCH repetition type A counting based on physical slots
· The configured TDWs are consecutive, where the start of other configured TDWs is the first physical slot right after the last physical slot of a previous configured TDW
· For PUSCH repetition type A counting based on available slots 
· The configured TDWs are determined based on available slots, where start of a configured TDWs is the first available slot after the last available slot of a previous configured TDW.
Note: The determination of available slots for PUSCH repetition Type A is defined in AI 8.8.1.1.

Agreement
· The TDW determination procedure agreed for PUSCH repetition type A is reused, when applicable, for PUSCH repetition type B and TBoMS with or without repetition.
· No additional specification enhancements for PUSCH repetition type B and TBoMS

Agreement
The following working assumption is confirmed
Working assumption:
For joint channel estimation for PUSCH repetition type A of PUSCH repetitions of the same TB, all the repetitions are covered by one or multiple consecutive/non-consecutive configured TDWs.
· Each configured TDW consists of one or multiple consecutive physical slots.
· The window length L of the configured TDW(s) can be explicitly configured with a single value and L is no longer than the maximum duration.
· FFS: The maximum value of L is the duration of all repetitions
· FFS: Solutions to error propagation issue if  L is longer than the maximum duration is to be discussed further.
· FFS: The window length L is configured per UL BWP
· The start of the first configured TDW is the first PUSCH transmission
· FFS: The first available slot/symbol, or the first physical slot/symbol for the first PUSCH transmission.
· The start of other configured TDWs can be implicitly determined prior to first repetition.
· FFS: The configured TDWs are consecutive for paired spectrum/SUL band
· FFS: The start of the configured TDWs for unpaired spectrum is implicitly determined based on semi-static DL/UL configuration.
· The end of the last configured TDW is the end of the last PUSCH transmission.
· FFS: The end of the configured TDW is the last available slot/symbol, or the last physical slot/symbol for the last PUSCH transmission.
· Within one configured TDW, one or multiple actual TDWs can be implicitly determined:
· The start of the first actual TDW is the first PUSCH transmission within the configured TDW.
· FFS: The first available slot/symbol, or the first physical slot/symbol for the first PUSCH transmission.
· After one actual TDW starts, UE is expected to maintain the power consistency and phase continuity until one of the following conditions is met, then the actual TDW is ended.
· The actual TDW reaches the end of the last PUSCH transmission within the configured TDW.
· FFS: The end of the actual TDW is the last available slot/symbol, or the last physical slot/symbol for the last PUSCH transmission.
· An event occurs that violates power consistency and phase continuity
· FFS: The events may include e.g., a DL slot based on DL/UL configuration for unpaired spectrum, the actual TDW reaches the maximum duration, DL reception/monitoring occasion for unpaired spectrum, high priority transmission, frequency hopping, precoder cycling.
· FFS: The end of the actual TDW is the last available slot/symbol of the PUSCH transmission right before an event such that the power consistency and phase continuity are violated.
· 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.
· FFS: UE capability of restarting DMRS bundling is applied only to dynamic event or not
Note 1: A ‘configured TDW’ refers to a time domain window whose length can be configured to ‘L’ and whose start and end is determined as described above. 
Note 2: An ‘actual TDW’ refers to a time domain window during whose entire duration the DM-RS bundling is actually applied. An ‘actual TDW’ duration is always less than or equal to the ‘configure TDW’ duration.
Note 3: Whether the terms ‘configured TDW’ and ‘actual TDW’ are revised to other terms and if such terminology is used in specifications is to be further discussed.


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.

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.

Agreement
· If DMRS bundling and UL beam switching for multi-TRP operation are configured simultaneously, UL beam switching for multi-TRP operation constitutes an event that violates power consistency and phase continuity.
· FFS: UL beam switching for multi-TRP operation is regarded as a semi-static event.
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