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[bookmark: _Ref513464071]Introduction
In RAN1#106e, the agreements regarding details of DMRS bundling were made [1]. In this contribution, we discuss DMRS bundling related designs.
Enhancements related to DMRS bundling
In RAN1#106be, the following agreement was made related to granularity of starting timing of the actual TDW. It was agreed to support symbol-level starting position to support both Type A and Type B repetition. The following proposal is made to confirm the working assumption.
Proposal 1: Confirm the following working assumption
	Working Assumption
Support Actual TDW Option 2b’:
· The start of the first actual TDW is the first available symbol (at least determined by TDRA table) in available slot for the first PUSCH transmission in an available slot within the configured TDW.
· The end of the actual TDW is
· the last available symbol (at least determined by TDRA table) in available slot 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 available symbol (at least determined by TDRA table) in available slot 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 available symbol (at least determined by TDRA table) in available slot for PUSCH transmission after the event violates power consistency and phase continuity, and the PUSCH transmission is in an available slot.


In RAN1#106b, discussion on events that break power consistency and phase continuity are discussed. 
	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.


In our companion contribution [3], we support Option 1 where actual TDW is determined based on a hopping pattern. Thus each hop is aligned with actual TDW and it breaks phase continuity and power consistency. Thus the following proposal is made.
Proposal 2: Frequency hopping is an event that violates power consistency and phase continuity 
In RAN1#106be, the following options related to configurations of window length were agreed. 
	Agreement:
Down-select one of the following options in this meeting:
Option 1: 
· 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.
Option 1’: 
· 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 configured TDW length is equal to all repetitions
· If L is not configured, default behavior should be defined, e.g., the configured TDW length is equal to all repetitions
Option 3’: 
· Whether the window length L of the configured TDW can be longer than maximum duration is subject to UE capability.
· If UE is capable of L being longer than maximum duration,
· The maximum value of the window length L of the configured TDW is the duration of all repetitions.
· FFS: whether L cannot be other values other than the duration of all repetitions, if it is longer than the maximum duration.
· If L is longer than the maximum duration, UE does not expect dynamic events.
· FFS: details of dynamic events


In Option 1, the window length is always configured based on RRC and window length is equal or shorter than the maximum duration. Under Option 1’, the default behavior is proposed in case the window length is not configured by RRC. Under Option 3’, the configured window length can be longer than the maximum duration and the UE should not expect dynamic events when the configured window length is longer than the maximum duration.
In Option 1’, the default value is not certain since the maximum duration can potentially longer than L or duration of repetitions, which may require the UE to determine the default value for the TDW length by comparing the maximum duration and duration of repetition. In Option 3’, the motivation for setting the TDW length longer than the maximum duration is not clear. Thus, to simplify configuration of the TDW length, the following proposal is made.
Proposal 3: Support Option 1, “The maximum value of window length L of the configured TDW should not exceed the maximum duration”
Joint channel estimation for TBoMS repetition
In RAN1#106be, TBoMS repetitions was agreed to be supported and the following values were agreed.
	Agreement
At least the following values are supported in Rel-17 for the number N of allocated slots for the single TBoMS:
· 
FFS: whether N=1 is also supported depends on how TBoMS transmission feature is enabled (or disabled)
FFS: other values, if any.
FFS: further constraints on N*M
Agreement
The following values are supported in Rel-17 for the number M of repetitions of the single TBoMS:
· 
FFS: further constraints on N*M, e.g., N*M is a valid value according to agreements in AI 8.8.1.1


Joint channel estimation is supported for TBoMS. TBoMS repetitions can be supported over consecutive slots or clusters of consecutive slots. Thus the current mechanism of TDW such as configuration of TDW, restart behavior for actual TDW, can be extended to support joint channel estimation for TBoMS repetitions.
Proposal 4: Support joint channel estimation for TBoMS repetition.
One potential modification needed to support joint channel estimation for TBoMS repetitions is restart behavior for actual TDW. As shown in Figure 1, when the phase/continuity breaking event occurs during the window, there is a need to restart the actual TDW. The UE can potentially start at the next earliest PUSCH occasion which may be in the middle of a TBoMS transmission occasion (ToT) or at the next earliest ToT. From the decoding perspective, it may be better to expect phase continuity and power consistency maintained across an entire ToT instead of only part of the ToT. Thus, the following proposal is made :
Proposal 5: For joint channel estimation for TBoMS repetitions, the earliest actual TDW occurs at the first symbol of the next ToT (TBoMS transmission occasion).
[image: ]
[bookmark: _Ref87008169]Figure 1 Joint channel estimation for TBoMS repetitions (N=4, m=3), actual TDW is denoted by “A-TDW”
TPC and TA application
In RAN1#106be [2], the following proposals were made in FL’s summary. 
	Proposal 10:
· Reception of DCI indicating TPC commands constitutes an event that violates power consistency and phase continuity only for unpaired spectrum.
· The action of TPC commands does not constitute an event that violates power consistency and phase continuity.
· If UE is configured to accumulate TPC commands, down select one of the following options.
· Option 1: If UE receives TPC commands that would take into effect during an actual TDW, UE accumulates TPC commands without taking effect during the current actual TDW. TPC commands take effect after the current actual TDW.
· Option 2: 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.
Proposal 11:
· The action of TA commands does not constitute an event that violates power consistency and phase continuity, down select one of the following options.
· Option 1: UE performs TA adjustment after the actual TDW if it receives any TA command indicating TA adjustment during the actual TDW.
· Option 2: UE performs TA adjustment after the configured TDW if it receives any TA command indicating TA adjustment during the configured TDW.


It was discussed when the UE can apply TPC or TA command received during the time window. For either TPC or TA, if the UE receives TA or TPC commands during the TDW, the UE either applies at the earliest opportunity, i.e., next actual TDW, or the earliest configured TDW. To enhance coverage performance, it is proposed to apply TA or TPC command at the earliest opportunity.
Proposal 6: If the UE is configured to accumulate TPC commands, support “Option 1: If UE receives TPC commands that would take into effect during an actual TDW, UE accumulates TPC commands without taking effect during the current actual TDW. TPC commands take effect after the current actual TDW.”
Proposal 7: Regarding timing of application of TA, support the UE to perform TA adjustment after the actual TDW if it receives any TA command indicating TA adjustment during the actual TDW
Time window for DM-RS bundling with PTRS
Motivation and examples of PTRS placement for a DMRS bundle
In the presence of CFO, the DMRS alone may not be enough for phase correction. PT-RS may be needed to correct disruption in phase continuity after switching from DL to UL slot or during transmissions of repetitions that may cross the slot boundary. Thus, the UE may need to send PTRS along within the DM-RS bundle so that the gNB can perform phase correction. 
Observation 1: In the presence of CFO, PT-RS insertion may assist the gNB for the phase continuity maintenance within an acceptable range so the DM-RS coherence is maintained.
PTRS is specified in Rel. 15 to correct phase offset at the receiver. Similarly, DM-RS bundling can be implemented along with PTRS to assist the gNB phase continuity maintenance. PT-RS placed with DM-RS in the same DM-RS bundle provides additional assistance for the gNB to track time varying phase change using PT-RS as phase reference in the first place, and subsequentially for phase correction between repetitions
The PT-RS sequence has been introduced in Rel-15 for phase tracking mainly in FR2 due to typical effects in this frequency range of the phase noise. The PT-RS allocation is sparser in frequency domain and denser in time domain. They are effective and usually used at a slot-based level. Also, they are configured along with DM-RS. Using PT-RS even in both FR1 and FR2 for cross slot phase continuity evaluation and possibly correction can bring a certain advantage for the non-contiguous transmissions and the UE implementation phase drifting. An example CP-OFDM based allocation of the DM-RS and PT-RS looks like in figure below:
[image: ]
Figure 2 Example PT-RS for CP-OFDM and DM-RS allocation for CP-ODFM
If PT-RS is inserted over multiple repetitions and the first PT-RS is placed before the DM-RS symbol during repetitions, the phase shift over repetitions can be evaluated and eventually corrected by gNB.
Observation 2: The PT-RS may help mitigate the phase discontinuity during non-contiguous repetitions and UE based phase drifting.
At the same time, probably it will be desirable that for the repetition slots the DM-RS symbol can be delayed allowing for timely phase evaluation. An example is given below in Figure 3 only for the first PT-RS and DM-RS symbol position:
[image: ]
[bookmark: _Ref71446003]Figure 3 Example of PT-RS for CP-OFDM and delayed DM-RS symbol during a repetition slot
Evaluation results
In this contribution, performance of joint channel estimation is analyzed in the presence of phase jump at the slot boundaries and CFO. In the evaluation, performance of joint channel estimation with or without PTRS is analyzed. The effect of phase disruption is analyzed since joint channel estimation require continuity in phase and power across received uplink slots.
In the simulation, two different densities of PTRS are considered for DFTsOFDM. PTRS is placed in every other DFTsOFDM symbol in a slot. In each DFTsOFDM symbol which contains PTRS, 2 groups of samples are inserted where each group contains 2 or 4 samples. The location of the group varies depending on the number of samples. While groups with 4 PTRS samples in each group are placed at the edge of pre-DFT samples, groups with 2 PTRS samples in each group are placed away from the edge as shown in Figure 4.
[image: ]
[bookmark: _Ref79070245]Figure 4 Placement of PTRS samples for 12RB evaluation in the pre-DFT domain
The parameters used in the evaluation are summarized in Table 2 in Appendix. In the evaluation, carrier frequency offset and phase jump are included. Phase jump is generated at the slot edge, following the agreements made in RAN4#99e [4]. When PTRS is inserted in PUSCH, phase changes are estimated at the receiver after IDFT. The estimated phase change is applied to demodulated symbols before decoding. Joint channel estimation is used and TBoMS is assumed for PUSCH generation. Finally, the TDD format DUUUU is assumed.
To demonstrate the effect of phase jump on the received signal, QPSK constellations after IDFT at the receiver are shown in Figure 5 and Figure 6. In the figures, QPSK samples collected from 4 uplink slots, with or without phase correction via PTRS, are shown. CFO is not included in the simulation. In Figure 5, the QSPK constellation before phase correction is shown. It is clear from the figure that phase jump has corrupted the QPSK constellation. In Figure 6, the QPSK constellation after phase correction using the estimated phase obtained from PTRS is shown. Comparing against the constellation in Figure 5, it is clear from Figure 6 that the effect of phase jump is removed. 
	[image: ]
[bookmark: _Ref79085610]Figure 5 QPSK constellation before phase correction with PTRS at SNR=10dB in the presence of phase jump
	[image: ]
[bookmark: _Ref79085611]Figure 6 QPSK constellation after phase correction with PTRS at SNR=10dB in the presence of phase jump


The BLER evaluation results, demonstrating the effect of PTRS, are shown in Figure 7. From the figure, it is clear that the presence of phase jump causes significant performance degradation for joint channel estimation. BLER performances are improved by insertion of PTRS. It is also noticeable from the figure that as the density of PTRS increases, the BLER performances can be improved. It is clear from the evaluation that PTRS should be bundled with DMRS in a time window to avoid performance degradation due to phase discontinuity.
[image: ]
[bookmark: _Ref79070858]Figure 7 Comparison of BLER performances with or without PTRS with different PTRS patterns
Observation 3: BLER performance of joint channel estimation in the presence of phase jump and phase noise is improved by insertion of PTRS
Based on the above observation, the following proposal is made.
Proposal 8: Support to include PTRS in a DMRS bundle
When PTRS is bundled with DMRS, densities and distribution of PTRS need some considerations. Depending on the duration of time window, SCS, bandwidth or MCS, appropriate PTRS should be bundled with DMRS such that performance degradation and loss of data rate are minimized. Thus the following proposal is made.
Proposal 9: Parameters of PTRS in the DMRS bundle depend on duration of the time window, SCS, bandwidth for PUSCH, and MCS used with DMRS bundling
Conclusion.
In this contribution, the following observation and proposals are made.
Proposal 1: Confirm the following working assumption
Proposal 2: Frequency hopping is an event that violates power consistency and phase continuity 
Proposal 3: Support Option 1, “The maximum value of window length L of the configured TDW should not exceed the maximum duration”
Proposal 4: Support joint channel estimation for TBoMS repetition.
Proposal 5: For joint channel estimation for TBoMS repetitions, the earliest actual TDW occurs at the first symbol of the next ToT (TBoMS transmission occasion).
Proposal 6: If the UE is configured to accumulate TPC commands, support “Option 1: If UE receives TPC commands that would take into effect during an actual TDW, UE accumulates TPC commands without taking effect during the current actual TDW. TPC commands take effect after the current actual TDW.”
Proposal 7: Regarding timing of application of TA, support the UE to perform TA adjustment after the actual TDW if it receives any TA command indicating TA adjustment during the actual TDW
Observation 1: In the presence of CFO, PT-RS insertion may assist the gNB for the phase continuity maintenance within an acceptable range so the DM-RS coherence is maintained.
Observation 2: The PT-RS may help mitigate the phase discontinuity during non-contiguous repetitions and UE based phase drifting.
Observation 3: BLER performance of joint channel estimation in the presence of phase jump and phase noise is improved by insertion of PTRS
Proposal 8: Support to include PTRS in a DMRS bundle
Proposal 9: Parameters of PTRS in the DMRS bundle depend on duration of the time window, SCS, bandwidth for PUSCH, and MCS used with DMRS bundling
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