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1. Introduction

During RAN1#104e meeting, the following agreements have been achieved on PUSCH coverage enhancement.

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

· 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 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.

In this contribution, we further discuss aspects on joint channel estimation for NR PUSCH.       
2. Discussion
2.1. Restrictions for PUSCH transmission to enable joint channel estimation

In order to make it possible to enable joint channel estimation, there should be some restrictions for multi-slots PUSCH transmission. For example, the same DMRS antenna ports, the same transmission power (which is corresponding to the TPC command or open power control setting), the same codebook, the same Tx spatial parameters, the same frequency domain resource allocation  shall be applied across the PUSCH slots.

Proposal 1: Same DMRS antenna ports, same transmission power, same codebook, same Tx spatial parameters and same frequency domain resource allocation  shall be applied among multiple PUSCH slots to enable joint channel estimation.
It is noted that such restrictions may restrict the obtainment of the potential performance gain from other techniques, such as spatial diversity gain by applying different codebook (pre-coder cycling), or different Tx spatial parameters. Therefore, it may be beneficial to study the potential interoperation of joint channel estimation and these spatial diversity mechanisms. 
Proposal 2: Study potential interoperation of joint channel estimation and pre-coder cycling. 
If inter-slot frequency hopping is enabled, with the current frequency hopping mechanisms, the frequency domain resources of the adjacent PUSCH slots would be different, which precludes the joint channel estimation with DMRS within the adjacent PUSCH slots. Therefore, it is beneficial to improve inter-slot frequency hopping to make full use of the potential of joint channel estimation. One method is that to define inter-slot- frequency hopping in a slot bundle manner, i.e., within a frequency hopping interval including multiple slots, PUSCH is transmitted without hopping and it is hopped across different PUSCH slot bundles, as shown in Figure 1.
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Figure 1: PUSCH is hopped across slot bundles
Proposal 3: PUSCH can be hopped across different slot bundles to enable joint channel estimation.
During RAN1#104-e meeting, there have been intensive discussions on whether a time domain window needs to be introduced for joint channel estimation. The intention for introducing the time domain window is to keep the power and phase continuity within the window to facilitate the gNB to perform joint channel estimation. Consistent transmission power during PUSCH transmission shall be maintained, as we proposed in Proposal 1 to facilitate joint channel estimation. From implementation perspective, it would be easy for the UE to maintain the power consistence during PUSCH repetition. Therefore, the key issue would be how long the UE can keep phase continuity and its impact on the performance of joint channel estimation.

As specified in 38.101, the UE shall be able to maintain +/- 0.1 ppm residual frequency error.  +/- 0.1 ppm is the minimum requirements and all the UE shall fulfill the requirements. In order to evaluate the impact of phase continuity on the performance of joint channel estimation, link level simulations are performed. The most pessimistic assumption of residual frequency error of +/- 0.1 ppm is assumed as the upper bound and uniform distribution is assumed among different PUSCH slots. Different lengths of joint estimation window including 2, 4, 6, 8,10,12,14 and 16 for the gNB are tried for PUSCH repetition with 16 slots. The detailed simulation assumptions are summarized in table 1. In the simulation, 3 cases are compared. 

Case 1: PUSCH repetition without joint channel estimation


Case 2: PUSCH repetition with joint channel estimation but no residual frequency error

Case 3: PUSCH repetition with joint channel estimation and residual frequency error
The simulation results are shown in Figure 2 and Table 1 for 3km/h and in Figure 3 and Table 2 for 120km/h. From the simulation results, it can be seen that with residual frequency offset of +/- 0.1 ppm the performance gain of joint channel estimation still keeps increasing as the length of joint estimation window increases, though the increment of the performance gain becomes smaller as the  length of joint estimation window is larger than 8. It can also be seen there is performance gain loss due to frequency offset and it changes in a small range of [0.19~0.35] dB for 3km/h and [0.06~0.10] for 120km/h as the length of joint estimation window increases, which implies the performance gain loss is not sensitive to the length of joint estimation window. 
Observation 1: Performance gain of joint channel estimation still keeps increasing as the length of joint estimation window increases in case of residual frequency offset of +/- 0.1 ppm.

Observation 2: The Performance gain loss due to residual frequency offset is not sensitive to the length of joint estimation window.

It can be seen that though there is performance gain loss due to residual frequency offset, the gain loss due to residual frequency offset is not sensitive to the length of joint estimation window. Therefore there is no need to introduce an additional time domain window to restrict UE’s PUSCH transmission behaviors. From the perspective of maintaining phase continuity, the current requirement of residual frequency offset of +/- 0.1 ppm is sufficient to enable joint channel estimation. 

Proposal 4: It is not necessary to introduce an additional time domain window to restrict UE’s PUSCH transmission behaviors. 
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Figure 2: impact of residual frequency offset on joint channel estimation (3km/h)
Table 1 Impact of residual frequency offset on joint channel estimation (3km/h)
	Length of JCT Windows (slot)
	Residual frequency offset (ppm)
	10%BLER (dB)
	Gain of JCT (dB)
	Gain Loss due to Residual frequency offset  (dB)

	1 (No JCT)
	-
	-11.66
	-
	-

	2
	0
	-12.52
	0.86
	0.19

	
	+/-0.1
	-12.33
	0.67
	

	4
	0
	-13.06
	1.4
	0.22

	
	+/-0.1
	-12.84
	1.18
	

	6
	0
	-13.31
	1.65
	0.26

	
	+/-0.1
	-13.05
	1.39
	

	8
	0
	-13.44
	1.78
	0.31

	
	+/-0.1
	-13.13
	1.47
	

	10
	0
	-13.53
	1.87
	0.35

	
	+/-0.1
	-13.18
	1.52
	

	12
	0
	-13.57
	1.91
	0.32

	
	+/-0.1
	-13.25
	1.59
	

	14
	0
	-13.61
	1.95
	0.3

	
	+/-0.1
	-13.31
	1.65
	

	16
	0
	-13.62
	1.96
	0.3

	
	+/-0.1
	-13.32
	1.66
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Figure 3: impact of residual frequency offset on joint channel estimation (3km/h)
Table 2 Impact of residual frequency offset on joint channel estimation (3km/h)

	Length of JCT Windows (slot)
	Residual frequency offset (ppm)
	10%BLER (dB)
	Gain of JCT (dB)
	Gain Loss due to Residual frequency offset  (dB)

	1 (No JCT )
	-
	-19.80
	-
	-

	2
	-
	-19.99
	0.19
	0.06

	
	0.1
	-19.93
	0.13
	

	4
	-
	-20.22
	0.42
	0.10

	
	0.1
	-20.12
	0.32
	

	6
	-
	-20.29
	0.49
	0.10

	
	0.1
	-20.19
	0.39
	

	8
	-
	-20.36
	0.56
	0.10

	
	0.1
	-20.26
	0.46
	

	10
	-
	-20.41
	0.61
	0.10

	
	0.1
	-20.31
	0.51
	

	12
	-
	-20.42
	0.62
	0.10

	
	0.1
	-20.32
	0.52
	

	14
	-
	-20.45
	0.65
	0.10

	
	0.1
	-20.35
	0.55
	


2.2. Potential DMRS enhancement to improve channel estimation performance 

Currently, the DMRS is designed based single-slot PUSCH. Therefore, there may be room to optimize DMRS across multi-PUSCH slots to enhance the joint channel estimation performance.
For example,  for UEs with low mobility, the DMRS can be transmitted in only some of the PUSCH slots while there is no or less DMRS in other PUSCH slots, the reduced DMRS overhead can be turned into higher PUSCH throughput. Similarly, even with same DMRS overhead across different PUSCH slots, it can be further studied whether there is performance gain with different DMRS symbols placement among different PUSCH slots. 
In addition, the DMRS pattern can be revisited to see whether the channel estimation performance can be improved with newly designed DMRS pattern considering optimizing joint channel estimation. 
A link level simulation is performed to investigate the performance gain of channel estimation enhancement with different DMRS symbols placement. In the simulation, two cases are compared. In both cases, only one DMRS symbol is assumed. In case 1, the DMRS symbol is placed in the 1st symbol within the slot while in case 2, the DMRS symbol is placed in the 11th symbol within the slot. A total number of 6 repetitions is assumed for PUSCH transmission. The detailed simulation assumptions are listed in Table 3 in the appendix. 

The simulation results are illustrated in Figure 4. As can be seen from the results, about 0.2 dB gain can be achieved when the velocity is 30km/h and about 0.3 gain can be achieved when the velocity is 60km/h. It is noted that the performance gain of joint channel estimation is about 0.7dB thus the performance gain of optimized DMRS placement is not negligible.    
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Figure 4 Performance gain of joint channel estimation with different DMRS symbols placement
Proposal 5: DMRS-less, optimized DMRS pattern and non-uniform distributing DMRS can be considered for PUSCH repetition.
2.3. Potential impact from some special cases
There are also some other factors which may have impacts on multi-slot channel estimation. 

The first one is the slot structure for NR TDD. Due to flexible slot structure, the uplink slots for PUSCH transmission may not be continuously distributed, and there may be DL slots or special slot which cannot be used for PUSCH transmission among the PUSCH slots. Non-continuous PUSCH slots will affect the performance of joint channel estimation since the channel correlation between non-adjacent slots would be inferior to that of the adjacent slots. 
Another one is when there are multiple uplink channels needs to be transmit simultaneously for single cell operation with two uplink carriers or for operation with carrier aggregation, power reduction shall be applied if the total power transmission power exceeds 
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. As specified in 38213, the UE allocates power to PUSCH/PUCCH/PRACH/SRS transmissions according to the following priority order (in descending order) so that the total UE transmit power for transmissions on serving cells in the frequency range is smaller than or equal to 
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-
PRACH transmission on the PCell

-
PUCCH transmission with HARQ-ACK information and/or SR or PUSCH transmission with HARQ-ACK information
-
PUCCH transmission with CSI or PUSCH transmission with CSI

-
PUSCH transmission without HARQ-ACK information or CSI

-
SRS transmission, with aperiodic SRS having higher priority than semi-persistent and/or periodic SRS, or PRACH transmission on a serving cell other than the PCell 
For multi-slot PUSCH transmission, when other uplink channels such PRACH or PUCCH are overlapping with PUSCH in some of PUSCH slots, the PUSCH transmission power may be reduced due to limited power. In such case, the transmission power of PUSCH among different slots may be different. Therefore, joint channel estimation cannot be used due to in-consistent PUSCH transmission power. But it may be difficult for the gNB to always have an idea on when power reduction for PUSCH would happen. For example, PRACH or SR on PUCCH would be triggered by UE itself. Therefore, how to enable proper PUSCH decoding with and without joint channel estimation needs to be studied.
Observation 3: Joint channel estimation may be impacted due to power reduction during PUSCH repetition.

3. Conclusions
In this contribution, we discussed aspects on joint channel estimation and we have the following observation and proposals:   
Observation 1: Performance gain of joint channel estimation still keep increasing as the length of joint estimation window increases in case of residual frequency offset of +/- 0.1 ppm.

Observation 2: The Performance gain loss due to residual frequency offset is not sensitive to the length of joint estimation window.
Observation 3: Joint channel estimation may be impacted due to power reduction during PUSCH repetition.

Proposal 1: Same DMRS antenna ports, same transmission power, same codebook, same Tx spatial parameters and same frequency domain resource allocation  shall be applied among multiple PUSCH slots to enable joint channel estimation.

Proposal 2: Study potential interoperation of joint channel estimation and pre-coder cycling. 

Proposal 3: PUSCH can be hopped across different slot bundles to enable joint channel estimation.
Proposal 4: It is not necessary to introduce an additional time domain window to restrict UE’s PUSCH transmission behaviors.
Proposal 5: DMRS-less, optimized DMRS pattern and non-uniform distributing DMRS can be considered for PUSCH repetition.
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5. Appendix
Table 3 Simulation parameters for PUSCH

	Parameters
	Values

	Duplexing scheme and frequency
	2.6GHz (FDD)

	Waveform
	DFT-s-OFDM

	Subcarrier spacing
	30kHz

	BLER
	10% iBLER;

	System bandwidth
	100MHz

	Pathloss model 
	NLoS

	Channel model 
	TDL-C

	Delay Spread
	300ns

	UE velocity
	3km/h,120km/h

	PRBs for PUSCH
	30PRBs

	MCS index
	2

	PUSCH duration
	14 OFDM symbols

	# BS Rx chains
	2

	# UE Tx chains
	1

	DMRS configuration
	Type I, 1 DMRS symbol, no multiplexing with data.

	Frequency hopping
	Disabled

	HARQ configuration and Repetitions
	no HARQ

the number of repetition is 16


Table 4 link level simulation assumption for different DMRS symbols placement
	Parameters
	Values

	Scenario
	Rural

	Duplexing scheme and frequency
	2.6GHz

	Waveform
	DFT-s-OFDM

	Subcarrier spacing
	30kHz for FDD

	BLER
	10% 

	Occupied channel bandwidth
	100MHz

	Pathloss model 
	NLoS

	Channel model 
	TDL-C

	Delay Spread
	300ns

	UE velocity
	30km/h 、60km/h

	PRBs
	30


	MCS index
	2

	PUSCH duration
	14OS

	# BS Rx chains
	2

	# UE Tx chains
	1

	DMRS configuration
	Type I, 1/2 DMRS symbol, no multiplexing with data.

	Frequency hopping
	Disabled

	HARQ configuration and Repetitions
	the number of repetition is 16
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