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[bookmark: _Ref513464071]Introduction
In RAN1#107b-e, RAN1 made agreements regarding details of enhancement for joint channel estimation [1]. In this contribution, we discuss the remaining issues for joint channel estimation.
Remaining details for joint channel estimation
Treatment of group common TPC commands
In RAN1#107e, RAN1 made the following working assumption [2]. If the UE is configured to accumulate TPC commands and DMRS bundling is enabled, the UE is expected to accumulate TPC commands during a configured TDW (Time Domain Window) and apply the accumulated TDW at the next configured TDW such that power consistency can be preserved during a configured TDW. Thus, the first bullet in the working assumption can be confirmed. 
	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.


Regarding the UE behavior for absolute power control, it was not clear from the discussion in [3] that absolute TPC command is supported for group common TPC with DCI format 2_2 for Rel-15/16. The definition of  in Rel. 15/16 for DG-PUSCH also needs clarification. In [3], the following two interpretations were presented for the definition of  for PUSCH repetitions.
· 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 is different from the one for another PUSCH transmission occasion among the same set of PUSCH repetitions for a TB.
· 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 PUSCH repetition for a TB. With this interpretation, value of  for all PUSCH transmission occasions are the same for the TB.
Given the limited time in Rel. 17, the only feasible proposal for agreement may be to confirm the first bullet in the working assumption as follows.
Proposal 1: Confirm the first bullet in the working assumption regarding group common TPC command made in RAN1#107e, i.e., “If UE is configured to accumulate TPC commands and 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.”
DM-RS bundling restart behaviour
Based on the confirmed working assumption shown below, whether the UE, who is not capable of restarting DM-RS bundling, should create actual time domain windows or not is not clear when dynamic events occur before semi-static events [2]. According to the confirmed working assumption, when the UE is not capable of restarting DM-RS bundling, the UE does not create an actual TDW when an event that breaks power consistency or phase discontinuity occurs.
	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.
.....
· 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.


[bookmark: _Hlk95745853]According to the agreement made in RAN1#107e [2], it is mandatory for UEs to restart DM-RS bundling after semi-static events (e.g., frequency hopping, beam switching) where the events break phase continuity or power consistency.
	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.


When the UE is not capable of restarting and dynamic events occur before a semi-static event, whether the UE should restart DM-RS bundling after the semi-static event should be clarified. In [3], the feature lead made the following proposal.
	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.


Since the original intention of the agreement [2] was to allow the UE, not capable of restarting DM-RS bundling, to terminate DM-RS bundling after the phase-continuity/power-consistency breaking event, consistent operation can be guaranteed if the UE terminates DM-RS bundling after the dynamic event even semi-static events are triggered after the dynamic event. Thus, we make the following proposal: 
Proposal 2: For a 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 not created after the semi-static event, i.e., DM-RS bundling operation is terminated.
When dynamic events and semi-static events overlap, the UE should prioritize the mandatory behavior, i.e., create a new actual TDW. Thus, we make the following proposal: 
Proposal 3: For UE not capable of restarting DM-RS bundling, if a semi-static event overlaps with a dynamic event, a new actual TDW is created after the semi-static event.
PTRS for DMRS bundling
Motivation and examples of PTRS placement for a DMRS bundle
In the presence of carrier frequency offset (CFO) or phase jump, 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 or phase jump, 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 1 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 2 only for the first PT-RS and DM-RS symbol position:
[image: ]
[bookmark: _Ref71446003]Figure 2 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. Simulation analysis in the presence of CFO can also be used to assess the performance of the system after an event that breaks phase continuity. 
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 3.
[image: ]
[bookmark: _Ref79070245]Figure 3 Placement of PTRS samples for 12RB evaluation in the pre-DFT domain
The parameters used in the evaluation are summarized in Table 1 in Appendix. In the evaluation, 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 4 through Figure 7. 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 4, the QSPK constellation without phase correction at SNR=5dB is shown. It is clear from the figure that phase jump has corrupted the QPSK constellation. In Figure 5, the QPSK constellation with phase correction using the estimated phase obtained from PTRS at the same SNR value is shown. Comparing against the constellation in Figure 4, it is clear from Figure 5 that the effect of phase jump is removed. 
Similar analysis is conducted at SNR=7.5dB. The QPSK constellations without or with PTRS correction are shown in Figure 6 and Figure 7, respectively. Similar, the effect of removal of phase jump using PTRS is clear by observing the constellation plot in Figure 7.
The BLER evaluation results, demonstrating the effect of PTRS, are shown in Figure 8. Both phase jump and CFO are included in the evaluation. 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.
Proposal 4: Support enabling PT-RS during DM-RS bundling
	[image: ]
[bookmark: _Ref79085610]Figure 4 QPSK constellation without phase correction with PTRS at SNR=5dB in the presence of phase jump
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[bookmark: _Ref79085611]Figure 5 QPSK constellation with phase correction with PTRS at SNR=5dB in the presence of phase jump
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[bookmark: _Ref95680901]Figure 6 QPSK constellation without phase correction with PTRS at SNR=7.5dB in the presence of phase jump
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[bookmark: _Ref95680589]Figure 7 QPSK constellation with phase correction with PTRS at SNR=7.5dB in the presence of phase jump




[image: ]
[bookmark: _Ref95680605]Figure 8 Comparison of BLER performances with or without PTRS with different PTRS patterns
Conclusion.
In this contribution, the following proposals are made.
Observation 1: In the presence of CFO or phase jump, 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.
Proposal 1: Confirm the working assumption regarding group common TPC command made in RAN1#107e with removal of the FFS
Proposal 2: For a 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 not created after the semi-static event, i.e., DM-RS bundling operation is terminated.
Proposal 3: For UE not capable of restarting DM-RS bundling, if a semi-static event overlaps with a dynamic event, a new actual TDW is created after the semi-static event.
Proposal 4: Support enabling PT-RS during DM-RS bundling
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Appendix
[bookmark: _Ref61819975]Table 1 PUSCH parameters, TDD
	Parameters
	Values

	Frequency Region
	FR1

	Duplexing mode
	TDD

	Carrier Frequency
	4GHz

	Subcarrier Spacing (kHz)
	30

	Tx  Bandwidth Configuration (MHz)
	100

	Waveform
	DFTsOFDM

	PHY channel
	PUSCH

	Allocation  (# of PRB)
	12 RB each

	DM-RS Type
	Configuration Type 1 (according to Table 6.4.1.1.3-1 in TS 38.211)

	DM-RS (# of OFDM symbols)
	2DM-RS symbols per slot, Type B for uplink (14)

	PTRS
	2/4 samples in every other DFTsOFDM symbol

	Precoder
	None

	MCS index, table
	#4, Table 6.1.4.1-1, TS 38.214

	HARQ sequence
	None

	Repetition/HARQ scheme
	None

	Frequency Hopping
	Disabled

	Antenna Configuration
	1x4 uplink channels (i.e., 1 TX at UE and 4 RX at BS)

	PA impairment
	Ideal

	Channel model (TDL type, DS)
	TDL-C, DS=300ns

	TX pattern per frame (for TDD)
	DUUUU

	Channel estimation
	Per-slot channel estimation

	UE mobility
	3km/hr

	CFO
	Uniformly distributed, 0.1 ppm as upper bound

	Phase jump
	Uniformly distributed between [-40°,40°], occurring at every slot edge [4]
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