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Introduction
In the RAN1#104bis-e meeting, several agreements and a conclusion were made regarding on joint channel estimation for PUSCH [1]. In this contribution, we discuss about use cases for joint channel estimation, time-domain window for joint channel estimation and inter-slot frequency hopping with inter-slot bundling.

Use cases for joint channel estimation
Potential use cases
There are a total of five potential use cases for joint channel estimation agreed in RAN1#104-e as follows:
· Use case 1: back-to-back PUSCH transmissions within one slot.
· Use case 2: non-back-to-back PUSCH transmissions within one slot.
· Use case 3: back-to-back PUSCH transmissions across consecutive slots.
· Use case 4: non-back-to-back PUSCH transmissions across consecutive slots.
· Use case 5: PUSCH transmissions across non-consecutive slots.

They were previously discussed, and among them, use case 3 was agreed to support in the last meeting so use cases 1, 2, 4, and 5 remained. It is notable that use cases 1 and 2 are only for PUSCH repetition type B which means the applicable scope is small considering other PUSCHs and PUSCH repetition type B is originally intended for URLLC in the first place. Addition to that, use case 1 and 2 are repetition within a slot, i.e., PUSCHs for them will have small time domain resources, which means it is very likely that the coding rate is high. Furthermore, the energy per bit is small compared to other potential use cases, so the estimation performance is limited. In that sense, it is not desirable to joint channel estimation, so we should deprioritize it. On the other hand, use case 4 and 5 are currently being discussed in RAN4, so it is better not to discuss and to wait for input from RAN4 to avoid duplication of work.
Proposal 1:  Potential use case 1 and 2 should be deprioritized and wait for RAN4’s input for potential use case 4 and 5.

Joint channel estimation between different TBs
Joint channel estimation may be performed between different TBs in which phase, power, and TA are maintained. Regarding TA, detailed discussion is given in section 3. In order to maintain the same transmission power, the PRB allocation, number of RB, and MCS should be same, and all parameters for phase and TA should be the same. However, it is not ensured that these values are remained to be same therefore can be configured differently according to the configured/dynamic grant and the scheduling DCI formats (0_0, 0_1, 0_2). It should be discussed if the joint channel estimation between different TBs is supported. That is, when scheduling according to the requirement of RAN4, joint channel estimation for different TBs is possible, however if the joint channel estimation for different TBs configured without the requirements for joint channel estimation is satisfied, the UE behavior in that situation should be discussed since it is ambiguous.
Proposal 2: If joint channel estimation between different TBs is supported, UE behavior when conflict between joint channel estimation and power control, precoder change, and TA adjustment of different TBs should be discussed.
· Alt. 1) When the UE has configured time-domain window for joint channel estimation for different TBs, UE does not apply power control, precoder change, and TA adjustment of a latter TB to maintain consistency for joint channel estimation.
· Alt. 2) When the UE has configured time-domain window for joint channel estimation for different TBs without consistency for joint channel estimation, UE assumes time-domain window is not configured.
Time-domain window for joint channel estimation
Impact of TA adjustment to joint channel estimation
In the RAN1#104bis-e meeting, the impact of timing advance to joint channel estimation was identified and agreed to be further studied. In this section, simulation is performed to highlight the impact of TA adjustment to joint channel estimation. We considered three channel estimation scenarios.
1. Joint channel estimation with no TA adjustment during the time-domain window
2. No joint channel estimation
3. Joint channel estimation with TA adjustment during the time-domain window
The first scenario represents for baseline performance, the second scenario for TA continuity and last one for TA discontinuity, respectively. It is assumed that time-domain window for joint channel estimation consists of N consecutive slots with index of each of slot is 0, … , N-1. For the TA adjustment during the time-domain window, it is assumed that TA adjustment of 1 sample at the boundary of (N/2-1)-th slot and (N/2)-th slot was performed. Therefore, the channel at the boundary loses continuity, in that point, we expected that performance will be degraded than in the case of no joint channel estimation. The detailed simulation environments are shown in the appendix.

Figure 1. BLER performance comparison with 8 repetitions and MCS 0

Figure 2. BLER performance comparison with 8 repetitions and MCS 6
Performance comparison of the above three channel estimation scenarios using 8 repetitions and MCS 0 is shown in Figure 1. It is given that the first scenario (joint channel estimation without TA adjustment), shows about 1.2dB BLER performance gain compared to the second scenario (no joint channel estimation). In the third scenario (joint channel estimation with TA adjustment), the performance degradation about 2dB is shown compared to first scenario (joint channel estimation without TA adjustment). Furthermore, the third scenario (joint channel estimation with TA adjustment) shows the performance degradation about 0.8dB compared to the second scenario (no joint channel estimation), which makes the effect of the TA adjustment on the joint channel estimation to be important. 
In Figure 2, performance comparison in the same environment is shown as in Figure 1 with only changing in MCS 0 to MCS 6. The overall trend is identical to Figure 1, however the performance degradation due to the TA adjustment becomes more serious. The simulation results for other cases where the repetition number is less than 8, are attached to the appendix.
[bookmark: OLE_LINK1]For the analysis of the simulation results, even if TA adjustment occurs within the time-domain window for joint channel estimation, it does not perfectly degraded to demodulation failure, i.e., BLER 1, and the performance degradation appears in the form of a shift in the BLER curve. Nevertheless, it is a serious problem that the performance of joint channel estimation with TA adjustment is degraded than no joint channel estimation as shown in the simulation results. We can conclude that it is not possible to use joint channel estimation without guaranteeing TA continuity. Furthermore, if this is not guaranteed, it may be desirable not to perform joint channel estimation. Therefore, TA continuity must be considered together with the continuity of power and phase.
Proposal 3: In addition to maintaining power consistency and phase continuity within the joint channel estimation time window, maintaining TA continuity also should be included in the following sentence.
· “For joint channel estimation, specify a time domain window during which a UE is expected to maintain power consistency, phase continuity and UL Tx timing consistency among PUSCH transmissions subject to power consistency and phase continuity requirements.”

Consistency within the time-domain window
In the time-domain window for joint channel estimation, power, phase, and TA should be kept to be same, and all adjustments should be done at the boundary of the time-domain window.

Power
Transmit power should be maintained within the time-domain window, however there are no limitations with that which makes the UE to transmit with the configured power, which may conflict to each other. In addition, the unit of power control is transmission occasion which can be or cannot be same with time domain window, which also may conflict to power consistency. To prevent this situation, when the joint channel of the repeated PUSCH is configured, the TPC command should not be applied during the time-domain window. In case of joint channel estimation between different TBs, the corresponding uplink power control should be applied only on the time-domain window boundary when the uplink power control in the scheduling DCI is different between the TBs.

Phase
For the phase consistency, TPMI and SRI should be same within the window, and if joint channel estimation of different TBs is supported, the UE’s behavior of the UE when instructing scheduling DCI by changing TPMI and SRI should be discussed.

TA command
To keep the phase continuity, the TA adjustment command should not be applied within the time-domain window. In gNB perspective, TA adjustment means a certain time difference between OFDM symbols, and if the gNB does not know the exact time difference, which is true, it will causes an incremental linear phase between subcarriers of OFDM symbol. Therefore, since this is critical to reception performance, TA should be adjusted at the boundary of the time-domain window. 
Proposal 4: The UE's behavior for a situation where the consistency of power, phase and TA within the window is ambiguous should be studied, or state in the specification that such a situation will not be configured.
· Alt. 1) When the UE has configured time-domain window for joint channel estimation, UE does not apply configured power control, TPMI/SRI change and TA adjustment during the time-domain window.
· Alt. 2) When the UE has configured time-domain window for joint channel estimation and configured with power control, TPMI/SRI change, TA adjustment within the time-domain window, the UE assumes time-domain window is not configured.

Unit of Time-domain window
Units of transmission and power control of all PUSCHs except for PUSCH repetition type B are slots or transmission occasions. Therefore, it is natural considering unit of time-domain window to be a slot or a transmission occasion.
First, consider the unit of time-domain window is a slot. The advantage of it is that, assuming a continuous slot, slots between too long distances are not likely to be configured as a time-domain window. It is important since other transmissions for the UE will be delayed and inter-cell interference randomization perspective. On the other hand, the disadvantage can be considered as follows. If joint channel estimation of PUSCH repetition type B is supported, then the time domain window unit is not same with the power control units, which will lead ambiguity. Therefore in that case, it is desirable for unit of time domain to be actual repetition or for unit of power control to be slot rather than nominal repetition. In the case of TBoMS, power may vary at the slot boundary depending on whether the power control unit is slot or TOT. In that case, the timing of power control adjustment can be ambiguous.
Second, consider the unit of time-domain window is a transmission occasion. The advantage is that it is same with the unit of the power control, so there will be less ambiguous situations with the time-domain window. On the other hand, the disadvantage is that the transmission occasion of the PUSCH is not based on a current continuous slot, so the distance between transmission occasions can be long, which leads joint channel estimation may not be practically possible.
Proposal 5: For the unit of time-domain window, consider continuous slot(s) or transmission occasion.

Configuration of the time-domain window
The time-domain window has to be determined in a UE-specific manner because requirements are different according to the channel environment for each UE and signal. However, in terms of inter-cell interference management and resource management operating a multi-user, it is desirable to have the same time domain window within a cell, especially when considering frequency hopping. That is, although the time-domain window is UE-specific, it is preferable that time-domain windows between different UEs have a multiple relationship. It is natural to consider enabling/disabling of these time-domain windows as configuring each time domain window and configuring the size to one unit, i.e., slot or transmission occasion. If additional enabling/disabling of time-domain window is considered, the necessity should be discussed.
Proposal 6: Consider UE-specific time-domain window which has multiple relation among UEs.

Uplink collision in CA/DC with different carrier
It should be noted that uplink coverage enhancement is not only required for cell edge users, but is also necessary in the case of coverage mismatch between downlink and uplink. For example, consider a situation in which downlink coverage is sufficient and uplink coverage is insufficient, which is likely to appear in FR2, in particular. In this case, the gNB can configure DC judging by the downlink quality. In such a case, because uplinks should be transmitted to each cells, collisions between the two uplinks may occur. The maximum allowed power is allocated to each cell if the semi-static power sharing is configured, however when dynamic power sharing is configured, the priority rule of power allocation is defined in the current specification. In this case, one of or both of cells can configure time-domain window joint channel estimation due to uplink coverage shortage. In such a case, power consistency within the window may not be maintained according to the existing priority rule or if the power consistency maintained, transmission on other cell may be dropped during the window without indication. 
Proposal 7: Discuss uplink collision in CA/DC with different carrier with joint channel estimation.

Inter-slot frequency hopping with inter-slot bundling
In order to maintain the same PRB according to the joint channel estimation requirement, the frequency hopping boundary should be equal to or larger than the time-domain window. The simplest method is to make them the same, however in such a case, there may be difficulties in resource management for multi-users of the gNB. To resolve it, it is desirable for frequency hopping boundary to be same among certain group of the users. Accounting for both the maximization of this effect and the aspect of inter cell interference management, the frequency hopping grid to be cell-specific can be considered. Considering it is an optimization aspect, based on the cell-specific grid of time domain resource, the frequency hopping boundary can be set at least equal to or larger than the time domain window.
Proposal 8: Cell-specific wise time domain resource grid for inter-slot frequency hopping should be applied.

Conclusion
In this contribution, we discuss on specifications of joint channel estimation for PUSCH. From the discussion, we obtained following proposals:

Proposal 1:  Potential use case 1 and 2 should be deprioritized and wait for RAN4’s input for potential use case 4 and 5.
Proposal 2: If joint channel estimation between different TBs is supported, UE behavior when conflict between joint channel estimation and power control, precoder change, and TA adjustment of different TBs should be discussed.
· Alt. 1) When the UE has configured time-domain window for joint channel estimation for different TBs, UE does not apply power control, precoder change, and TA adjustment of a latter TB to maintain consistency for joint channel estimation.
· Alt. 2) When the UE has configured time-domain window for joint channel estimation for different TBs without consistency for joint channel estimation, UE assumes time-domain window is not configured.
Proposal 3: In addition to maintaining power consistency and phase continuity within the joint channel estimation time window, maintaining TA continuity also should be included in the following sentence.
· “For joint channel estimation, specify a time domain window during which a UE is expected to maintain power consistency, phase continuity and UL Tx timing consistency among PUSCH transmissions subject to power consistency and phase continuity requirements.”
Proposal 4: The UE's behavior for a situation where the consistency of power, phase and TA within the window is ambiguous should be studied, or state in the specification that such a situation will not be configured.
· Alt. 1) When the UE has configured time-domain window for joint channel estimation, UE does not apply configured power control, TPMI/SRI change and TA adjustment during the time-domain window.
· Alt. 2) When the UE has configured time-domain window for joint channel estimation and configured with power control, TPMI/SRI change, TA adjustment within the time-domain window, the UE assumes time-domain window is not configured.
Proposal 5: For the unit of time-domain window, consider continuous slot(s) or transmission occasion.
Proposal 6: Consider UE-specific time-domain window which has multiple relation among UEs.
Proposal 7: Discuss uplink collision in CA/DC with different carrier with joint channel estimation.
Proposal 8: Cell-specific wise time domain resource grid for inter-slot frequency hopping should be applied.
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Appendix
Table A-1 Simulation assumption for various channel estimation scenarios
	Parameter
	Value

	Carrier frequency
	2GHz

	Channel model
	TDL-C (NLOS) with delay spread 300ns

	UE speed
	3 km/h

	BS antenna configuration
	4 Rx

	UE antenna configuration
	1 Tx

	Occupied RB
	20

	MCS
	0,6

	Waveform 
	CP-OFDM

	Number of OS per repetition
	14

	DMRS overhead 
	3 DMRS symbols per slot

	Number of repetitions
	2,4,8 

	Frequency hopping 
	Disabled

	Channel estimation
	[bookmark: _GoBack]DFT based 1-D channel estimation & Time domain interpolation within a slot, then time domain average between inter-slot 

	Receiver type
	MMSE





Figure A-1. BLER performance comparison with 2 repetitions and MCS 0


Figure A-2. BLER performance comparison with 2 repetitions and MCS 6


Figure A-3. BLER performance comparison with 4 repetitions and MCS 0


Figure A-4. BLER performance with 4 repetitions and MCS 6

Agreements in RAN1#104bis-e meeting
	Agreements:
· For joint channel estimation, specify a time domain window during which a UE is expected to maintain power consistency and phase continuity among PUSCH transmissions subject to power consistency and phase continuity requirements.
· FFS how the time domain window is determined (e.g., via explicit configuration and/or implicitly derived) and whether or not to have the possibility of enabling/disabling the time domain window
· FFS the units the time domain windown (e.g. repetitions, slots, and/or symbols)
· FFS : association between the potential use case(s) and units of the time window
· FFS: single or multiple time domain windows
· FFS: relation with UE capability
· FFS: whether the term "time domain window" is used in the specification or replaced by other technical terms
· FFS whether or not to further consider impacting of timing advance

Agreements:
· A new DMRS pattern equally spaced among PUSCH transmissions is not considered for joint channel estimation in Rel-17.

Agreements:
· For inter-slot frequency hopping with inter-slot bundling, down select on the following two options:
· Option 1: The bundle size (time domain hopping interval) equals to the time domain window size.
· Option 2: The bundle size (time domain hopping interval) can be different from the time domain window size.
· FFS: Whether the bundle size (time domain hopping interval) is explicitly configured or implicitly determined.
· FFS: Whether/How the bundle size (time domain hopping interval) is defined separately for FDD and TDD.
· FFS: relation between the bundle size (time domain hopping interval) and the time domain window size

Conclusion:
· For optimization of DMRS granularity in time domain with joint channel estimation, the proponents are encouraged to provide more simulation results in next meeting

Agreements:
· For the time domain window for joint channel estimation, down select on the following two options:
· Option 1: The unit of the time domain window is defined separately for the following PUSCH transmissions:
· PUSCH repetition type A
· PUSCH repetition type B, if agreed
· TBoMS, if agreed
· Different TB, if agreed
· Option 2: The unit of the time domain window is the same for the following PUSCH transmission:
· PUSCH repetition type A
· PUSCH repetition type B, if agreed
· TBoMS, if agreed
· Different TB, if agreed

Agreement:
· For back-to-back PUSCH transmissions across consecutive slots, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following cases:
· Over back-to-back PUSCH transmissions (of the same TB) for repetition type B scheduled by dynamic grant or configured grant, if it reuses only those joint channel estimation specification enhancements defined to support repetition Type A. 
· FFS: additional specification enhancements on top of that defined to support repetition Type A
· Only for single layer transmissions
· Subject to UE capability
· FFS: Over back-to-back PUSCH transmissions with different TBs



Repetition 2, MCS 0

JointCE	-17	-15.000000000000002	-13.000000000000004	-11.000000000000004	-9.0000000000000018	-7	-5	-3.0000000000000004	1	0.85006700000000002	0.41283300000000001	0.1094	1.00333E-2	1.6666700000000001E-4	#N/A	#N/A	noJointCE	-17	-15.000000000000002	-13.000000000000004	-11.000000000000004	-9.0000000000000018	-7	-5	-3.0000000000000004	1	0.87923300000000004	0.46	0.13	1.33667E-2	3.33333E-4	#N/A	#N/A	JointCE, TA discontinuity	-17	-15.000000000000002	-13.000000000000004	-11.000000000000004	-9.0000000000000018	-7	-5	-3.0000000000000004	1	0.95008899999999996	0.67746700000000004	0.28843299999999999	5.1200000000000002E-2	2.1666699999999999E-3	1E-4	#N/A	SNR[dB]


BLER




Repetition 2, MCS 6

JointCE	-11.000000000000004	-9.0000000000000018	-7	-5	-3.0000000000000004	-1.0000000000000002	1	3.0000000000000004	1	0.71436699999999997	0.289933	6.2300000000000001E-2	5.5333300000000004E-3	#N/A	#N/A	#N/A	noJointCE	-11.000000000000004	-9.0000000000000018	-7	-5	-3.0000000000000004	-1.0000000000000002	1	3.0000000000000004	1	0.73050000000000004	0.30566700000000002	6.7233299999999996E-2	6.1999999999999998E-3	#N/A	#N/A	#N/A	JointCE, TA discontinuity	-11.000000000000004	-9.0000000000000018	-7	-5	-3.0000000000000004	-1.0000000000000002	1	3.0000000000000004	1	0.94416699999999998	0.63216700000000003	0.25280000000000002	4.8000000000000001E-2	3.4666699999999998E-3	#N/A	#N/A	SNR[dB]


BLER




Repetition 4, MCS 0

JointCE	-21	-19.000000000000004	-17	-15.000000000000002	-13.000000000000004	-11.000000000000004	-9.0000000000000018	-7	1	1	0.70443299999999998	0.31440000000000001	5.16333E-2	4.73333E-3	1.3333299999999999E-4	#N/A	noJointCE	-21	-19.000000000000004	-17	-15.000000000000002	-13.000000000000004	-11.000000000000004	-9.0000000000000018	-7	1	1	0.95199999999999996	0.44429999999999997	9.2799999999999994E-2	1.16667E-2	2.3333300000000001E-4	#N/A	JointCE, TA discontinuity	-21	-19.000000000000004	-17	-15.000000000000002	-13.000000000000004	-11.000000000000004	-9.0000000000000018	-7	1	1	1	0.68653299999999995	0.24116699999999999	4.8899999999999999E-2	3.5333299999999999E-3	#N/A	SNR[dB]


BLER




Repetition 4, MCS 6

JointCE	-17	-15.000000000000002	-13.000000000000004	-11.000000000000004	-9.0000000000000018	-7	-5	-3.0000000000000004	1	1	0.88036700000000001	0.54096699999999998	0.14993300000000001	1.72333E-2	4.0000000000000002E-4	#N/A	noJointCE	-17	-15.000000000000002	-13.000000000000004	-11.000000000000004	-9.0000000000000018	-7	-5	-3.0000000000000004	1	1	0.91193299999999999	0.60340000000000005	0.1888	2.8000000000000001E-2	7.3333299999999997E-4	#N/A	JointCE, TA discontinuity	-13.000000000000004	-11.000000000000004	-9.0000000000000018	-7	-5	-3.0000000000000004	-1.0000000000000002	-3.0000000000000004	1	1	0.5655	0.19359999999999999	3.0166700000000001E-2	1.83333E-3	#N/A	#N/A	SNR[dB]
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Repetition 8, MCS 0

JointCE	-25.000000000000004	-23.000000000000004	-21	-19.000000000000004	-17	-15.000000000000002	-13.000000000000004	-11.000000000000004	1	1	0.9032	0.5524	0.16703299999999999	2.2166700000000001E-2	1.1666700000000001E-3	#N/A	noJointCE	-25.000000000000004	-23.000000000000004	-21	-19.000000000000004	-17	-15.000000000000002	-13.000000000000004	-11.000000000000004	1	1	1	0.79656700000000003	0.38033299999999998	9.0466699999999997E-2	7.0000000000000001E-3	3.33333E-4	JointCE, TA discontinuity	-19.000000000000004	-17	-15.000000000000002	-13.000000000000004	-11.000000000000004	-9.0000000000000018	-7	-5	1	0.54736700000000005	0.18363299999999999	2.3866700000000001E-2	1.7666699999999999E-3	6.6666699999999996E-5	#N/A	#N/A	SNR[dB]
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Repetition 8, MCS 6

JointCE	-17	-15.000000000000002	-13.000000000000004	-11.000000000000004	-9.0000000000000018	-7	-5	0	1	0.76800000000000002	0.32279999999999998	6.6533300000000004E-2	4.8999999999999998E-3	#N/A	#N/A	#N/A	noJointCE	-17	-15.000000000000002	-13.000000000000004	-11.000000000000004	-9.0000000000000018	-7	-5	-3.0000000000000004	1	0.87143300000000001	0.45826699999999998	0.123567	1.29E-2	2.66667E-4	#N/A	#N/A	JointCE, TA discontinuity	-17	-15.000000000000002	-13.000000000000004	-11.000000000000004	-9.0000000000000018	-7	-5	-3.0000000000000004	1	0.98387100000000005	0.7944	0.403833	0.102467	8.9666699999999995E-3	3.33333E-4	#N/A	SNR[dB]


BLER
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