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Introduction
A working item description (WID) on NR coverage enhancement was approved in [1]. It was agreed to specify mechanism(s) to enable joint channel estimation for enhancing coverage of PUSH in the WID as follows 
· Specify mechanism(s) to enable joint channel estimation
· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary by RAN4
· Potential optimization of DMRS location/granularity in time domain is not precluded
· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation
This document provides our view on some aspects for enabling joint channel estimation. 

Discussion
For enhancing performance of PUSCH, one of the objectives of the WID was agreed to support joint channel estimation over multiple PUSCH transmissions because it can improve channel estimation in poor channel conditions. In current specifications, the channel estimation is only applicable within a slot or a PUSCH because the power consistency and phase continuity among them at the UE transmitter are not ensured. In order to support joint channel estimation over multiple PUSCH transmissions, the power consistency and phase continuity among PUSCH transmissions at UE need to be ensured. Therefore, in RAN1#103e, it was agreed to ask RAN4 what conditions UE can keep phase continuity cross PUCCH/PUSCH repetitions and power control tolerance level across PUCCH/PUSCH repetitions. LS from RAN4 [2] replies that the conditions are the following:
· Modulation order does not change.
· RB allocation in terms of length and frequency position should not be changed, and intra-slot and inter-slot frequency hopping is not enabled within a repetition bundle.
· No change on transmission power level of its own CC, i.e., no change on the power control parameters specified in TS 38.213, and also when own CC is not impacted by other concurrent CC(s) that are configured for inter-band CA or DC for same UE with dynamic power sharing and no change in any configured CC s that are part of configured intra-band uplink CA or DC. 
· No UL beam switching for FR2 UE occurs.
Potential use cases
In RAN#104e, it has been agreed to support joint channel estimation over back-to-back PUSCH transmissions across consecutive slots of the same TB for repetition type A scheduled by dynamic grant or configured grant. The reply from RAN4 [2] does not distinguish PUSCH repetition type A or type B. It also does not distinguish TB over multi-slots (TBoMS) or not, as well as it does not distinguish over slots or within a slot. Therefore, we propose the following. Note that TBoMS of PUSCH repetition type A or B aspect needs to be concluded further in TBoMS agenda 8.8.1.2.

Proposal 1: For back-to-back PUSCH transmissions, support necessary design aspects to enable joint channel estimation for the following cases
· Over back-to-back PUSCH transmissions (of the same TB) for repetition type B across consecutive slots and within a slot where scheduled by dynamic grant or configured grant
· Over back-to-back PUSCH transmissions of a single TB over multi-slots

In addition, for non-back-to-back transmission with non-zero gap in-between adjacent transmissions, RAN4 concluded that at least following additional condition also need to be met in addition to the above conditions in [2].
· No downlink reception in-between the PUSCH or PUCCH repetition in the same band for TDD case.
For a scenario of no more than X un-scheduled OFDM symbols in-between the PUSCH or PUCCH repetition (e.g., X = 0, 1, 2, …, 14), and a scenario of other physical signals/channels in-between PUCCH or PUSCH repetitions from the UE perspective, e.g., SRS or PUCCH transmission in-between the PUSCH repetition from the other UEs, RAN4 is still discussing if X can be non-zero value and UE can maintain phase continuity. For the coexistence with Rel.15/16 UEs, we think to allow SRS or PUCCH from the other UEs are essential. If not, the situation to allow joint channel estimation is quite limited. Therefore, we propose the following.

Proposal 2: For non-back-to-back PUSCH transmissions with non-zero gap in-between adjacent transmissions, where there is no DL reception and X un-scheduled OFDM symbols in-between the PUSCH or PUCCH repetition, support necessary design aspects to enable joint channel estimation. X is decided by RAN4. 

The RB assignments and the modulation orders in-between adjacent PUSCH transmissions/modulation of different TBs are usually different when each of multiple TBs is scheduled by a separate DCI. Therefore, it is rather rare to have the same RB assignments and the modulation order of multiple TBs to bundle DMRS symbols among PUSCH transmissions for joint channel estimation. For multiple TBs scheduled by a single DCI, at least for NR-U usage specified in current specifications, we don't see the motivation for enabling joint channel estimation as the shared frequency resource is used when the channel is generally good because of LBT aspect. For multiple TBs scheduled by a single DCI, further conclusion is necessary. 

Proposal 3: It is not necessary to enable joint channel estimation for multi-TB scheduling by multiple DCIs and by single DCI at least for NR-U. It is FFS for multi-TB scheduling by a single DCI. 

Time domain window
A UE shall not change a transmission power over a period to allow a joint channel estimation at gNB. This condition shall be satisfied even if a change of pathloss measurements or the reception of TPC command. The period to keep the transmission power was agreed to call as time domain window. For a UL grant scheduled in a DCI and a configured grant (CG) type 2 activated by a DCI, the length of time domain window is indicated in the scheduled/activated DCI. For CG type 1, the length of time domain window is indicated semi-statically by RRC. The overhead reduction method to trigger would be enabling or disabling joint channel estimation is signalled to the UE by jointly indicating the length of time domain window. In these DCIs, time domain resource allocation (TDRA) table can be used to indicate the length of time domain window. 
Proposal 4: The length of time domain window is indicated by scheduled DCI for dynamic grant and by activated DCI for CG type 2. The length of time domain window is RRC configuration for CG type 1.

Proposal 5: TDRA table is used to indicate the length of time domain window.

Optimization of DMRS location/granularity 
In Rel.15/16, the same DMRS pattern is used for multiple slots or repetitions for an independent channel estimation. However, same DMRS pattern in every slot/repetition may not be optimal for joint channel estimation over multiple PUSCH transmissions in terms of spacing between the DMRS symbols. Therefore, a potential optimization of DMRS location/granularity within a time domain window is one of the discussion points. In our previous evaluation [3], it was observed that for joint channel estimation over multiple slots, DMRS distribution over the multiple slots is important for capturing channel variation to provide good averaging and interpolation effects. Although an optimization of DMRS location/granularity is beneficial, to study the additional DMRS pattern for the multiple PUSCH transmissions would need much specification effort. Hence, the optimization of DMRS location/granularity should be specified only if the significant gain is identified. 
If specified, we should differentiate solutions for the optimization of DMRS location or optimization of DMRS granularity. This is because, in our understanding, an optimization of DMRS location means the location of DMRSs can be changed per PUSCH transmission, whereas an optimization of DMRS granularity means the number of DMRS symbols for each of multiple PUSCH transmission can be different in the multiple PUSCH transmissions. 
Proposal 6: Optimization of DMRS location/granularity should be specified only if the significant gain is identified
· If specified, different number of DMRSs can be set for different PUSCH transmissions within a time domain window.

Integration of joint channel estimation and inter-slot frequency hopping 
If joint channel estimation (CE) is simply applied in inter-slot frequency hopping (FH) procedure, a length of time domain window can include multiple hops from different frequency allocations (upper and lower frequency positions), resulting in degradation of performance of joint CE and FH. This is because jointly using DMRS symbols from different frequency allocations for channel estimation can provide poor performance due to different phase continuities and channel conditions at different frequency hops. Following that, FH performance is poor. Therefore, it is necessary to specify how to integrate joint channel estimation and inter-slot FH. 

In eMTC, the length of joint channel estimation and the length of inter-slot frequency hopping are cell level configuration to improve time/frequency resource utilization. However, in NR, it would be difficult to use cell level configuration as more flexibility would be required. To allow joint channel estimation, the time domain window should be used for the same frequency allocation in inter-slot FH procedure. To keep a reasonable flexibility, one or more lengths of time domain windows are configured to be jointly used with inter-slot FH, wherein each of the one or more lengths of time domain windows and a length of inter-slot FH are the same or different. Within each of the one or more lengths of time domain windows, UE maintains the required conditions for enabling joint CE. In Fig. 1, an example of integration of joint channel estimation and inter-slot FH are demonstrated. Particularly, there are two hops and two time domain windows, each of time domain windows is used for each of two hops, and the length of each of lengths of time domain windows and a length of inter-slot FH are the same.



Fig. 1. An example of integration of joint channel estimation and inter-slot FH, where the length of each of lengths of time domain windows and a length of inter-slot FH are the same


Proposal 7: One or more lengths of time domain windows are configured to be jointly used with inter-slot FH
· Each of the one or more lengths of time domain windows is used for the same frequency allocation in inter-slot FH procedure.

Proposal 8: Each of the one or more lengths of time domain windows and a length of inter-slot FH can be the same or different.

Link-level simulation results
We evaluated the BLER performance of PUSCH repetition Type A. The detailed parameters for link level simulation are listed in the Appendix A.
Figure 2 shows the BLER performance of PUSCH repetition Type A with and without joint channel estimation. Joint channel estimations with enabled and disabled inter-slot frequency hopping are evaluated. When the inter-slot frequency hopping is enabled, the length of time domain window for joint channel estimation and the period of inter-slot frequency hopping is same and set to a half-length of the number of repetitions. When the inter-slot frequency hopping is disabled, the length of time domain window for joint channel estimation is same as the number of repetitions. It was observed that the joint channel estimation with inter-slot frequency hopping can provide an improvement of gain of 1.0 ~1.5 dB, as compared with that of the joint channel estimation without inter-slot frequency hopping, even when the length of time domain window is only a half.
Observation 1: Joint channel estimation with inter-slot frequency hopping provides an improvement of gain of 1.0 ~1.5 dB, as compared with that of joint channel estimation without inter-slot frequency hopping and doubling a length of time domain window.
Figure 3 shows the BLER performance of PUSCH repetition Type A with both joint channel estimation and inter-slot frequency hopping in condition of residual frequency offset. A uniform distribution with +/- 0.1 ppm is assumed for residual frequency offset/error. It was observed that in the condition of +/- 0.1 ppm residual frequency offset/error, the performance loss due to residual frequency offset/error can be negligible at least when performing 4 and 8 repetition with joint channel estimation and inter-slot frequency hopping.

Observation 2: The performance loss due to frequency offset/error of +/- 0.1 ppm can be negligible at least when performing 4 and 8 repetitions with joint channel estimation and inter-slot frequency hopping.
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(a) 4 repetitions                                                              (b) 8 repetitions
Fig. 2. Link-level simulation results for inter-slot frequency hopping with joint channel estimation (700MHz)
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(a) 700 MHz                                                              (b) 4 GHz
Fig. 3. Impact of residual frequency error
















Conclusions
In this contribution, we provide our view on joint channel estimation for PUSCH. We made the following proposals and observations.
Proposals:
Proposal 1: For back-to-back PUSCH transmissions, support necessary design aspects to enable joint channel estimation for the following cases
· Over back-to-back PUSCH transmissions (of the same TB) for repetition type B across consecutive slots and within a slot where scheduled by dynamic grant or configured grant
· Over back-to-back PUSCH transmissions of a single TB over multi-slots
Proposal 2: For non-back-to-back PUSCH transmissions with non-zero gap in-between adjacent transmissions, where there is no DL reception and X un-scheduled OFDM symbols in-between the PUSCH or PUCCH repetition, support necessary design aspects to enable joint channel estimation. X is decided by RAN4.
Proposal 3: It is not necessary to enable joint channel estimation for multi-TB scheduling by multiple DCIs and by single DCI at least for NR-U. It is FFS for multi-TB scheduling by a single DCI. 
Proposal 4: The length of time domain window is indicated by scheduled DCI for dynamic grant and by activated DCI for CG type 2. The length of time domain window is RRC configuration for CG type 1.

Proposal 5: TDRA table is used to indicate the length of time domain window.
Proposal 6: Optimization of DMRS location/granularity should be specified only if the significant gain is identified
· If specified, different number of DMRSs can be set for different PUSCH transmissions within a time domain window.
Proposal 7: One or more lengths of time domain windows are configured to be jointly used with inter-slot FH
· Each of the one or more lengths of time domain windows is used for the same frequency allocation in inter-slot FH procedure.

Proposal 8: Each of the one or more lengths of time domain windows and a length of inter-slot FH can be the same or different.

Observations: 
Observation 1: Joint channel estimation with inter-slot frequency hopping provides an improvement of gain of 1.0 ~1.5 dB compared to joint channel estimation without inter-slot frequency hopping and doubling a length of time domain window.
Observation 2: The performance loss due to frequency offset/error of +/- 0.1 ppm can be negligible at least when performing 4 and 8 repetitions with joint channel estimation and inter-slot frequency hopping.
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Appendix A: Simulation parameters
	General simulation parameters

	Frequency
	700 MHz (FDD), 4 GHz (TDD)

	Pathloss model
	NLOS

	BWP
	20 MHz

	SCS
	15 kHz for FDD, 30 kHz for TDD

	gNB modelling in LLS
	2 gNB receive chains

	Channel model
	TDL-C for NLOS

	Delay spread
	300 ns

	UE velocity
	3 km/h

	Residual frequency error
	Ideal, 0.1 ppm (uniform distribution)

	PUSCH evaluation parameters

	Target BLER
	10% iBLER

	Number of UE transmit chains
	1

	Waveform
	DFT-s-OFDM

	PRBs / TBS / MCS
	4 PRBs, TBS=128, <MCS0

	Duration
	14 OFDM symbols

	Frequency hopping
	Intra-slot frequency hopping: disabled.
Inter-slot frequency hopping: enabled or disabled

	DMRS configuration
	PUSCH mapping Type A
3 km/h: Type 1, 2 DMRS symbol, no multiplexing with data

	Repetition
	4, 8 repetitions

	HARQ configuration
	w/o HARQ




Appendix B: Related RAN1 Agreements
Agreements:
· Following potential use cases are considered for joint channel estimation for PUSCH:
· 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.
Note: RAN1 assumes “back-to-back PUSCH transmission” has zero gap in-between adjacent PUSCH transmissions.

Agreements:
· 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 at least for the following case:
· Over back-to-back PUSCH transmissions (of the same TB) for repetition type A scheduled by dynamic grant or configured grant
· FFS details (including possible other cases)

Agreements:
· For joint channel estimation, a time domain window is introduced to facilitate further discussion, during which UE is expected to maintain power consistency and phase continuity among PUSCH transmissions subject to power consistency and phase continuity requirements.
· FFS: whether the window should be specified
· FFS: the length of the time domain window is defined by a set of repetitions/slots/symbols
· FFS: single or multiple time domain windows
· FFS: relation with UE capability
· FFS: the time domain window may or may not be configured or specified.
· FFS: whether the term "time domain window" is used in the specification or replaced by other technical terms
· FFS: Whether the window is determined by the power consistency and phase continuity requirements and/or by other factors is to be decided.

Agreements:
· Companies are encouraged to study optimization of DMRS granularity in time domain with joint channel estimation, including:
· Use cases
· Simulations results
· Enhanced schemes, e.g.,
· Different DMRS density for different PUSCH transmissions
· No DMRS for some PUSCH transmissions
· If applicable, impact of dynamic changes, e.g., cancellation of a repetition and companies report the evaluation method.
· Companies are encouraged to study optimization of DMRS location in time domain with joint channel estimation, including:
· Use cases
· Simulations results
· Enhanced schemes, e.g.,
· DMRS equally spaced among PUSCH transmissions
· DMRS located in special slots
· Orphan symbol used for DMRS
· If applicable, impact of dynamic changes, e.g., cancellation of a repetition and companies report the evaluation method.
· Note: the simulation assumptions for DM-RS in TR 38.830 are used as baseline for performance evaluation on optimization of DMRS location/granularity in time domain.
· Take into account impairments such as frequency offset, and report corresponding parametrization together with the results. Further discuss impairment details.

Working assumption:
· 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 case:
· Over back-to-back PUSCH transmissions for TB processing one TB processed over multiple slots
· It’s subject to UE capability

Agreements:
· For joint channel estimation.
· Take into account the residual frequency error, e.g., +/- 0.1 ppm as upper bound. 
· Companies can report other values and frequency error model.

Email summary in R1-2102161.
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