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1 Introduction
During the RAN1# 104e-meeting, the following agreements were reached on joint channel estimation for PUSCH[1]. 
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, define 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.

In this contribution, we will further discuss and share our consideration on the mechanism to enable joint channel estimation. 
2 Discussion
2.1 Performance of Joint channel estimation
Joint channel estimation is considered as one of the highest priority solutions to improve the PUSCH coverage. gNB does channel estimation based on DMRS in consecutive or non-consecutive transmissions, which can improve the accuracy of channel estimation without increasing DMRS overhead. 
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Figure 1-3 show the link level simulations about the joint channel estimation with single DMRS symbol, low mobility, and consecutive transmissions. Other detail assumptions are listed in the annex. We compared the performance of joint channel estimation with different granularity under different numbers of repetitions, e.g. 4, 8, 16. It is better to find a proper granularity for joint channel estimation through comparing the results of simulation, taking the performance and the overhead into consideration. 
 Figure 1 Performance of joint channel estimation with 4 repetitions
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Figure 2 Performance of joint channel estimation with 8 repetitions
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Figure 3. Performance of joint channel estimation with 16 repetitions

Table 1. Summary of the performance gain
	TBS
	2664
	1800

	Granularity
	single
	2
	4
	8
	single
	2
	4
	8

	TransNum=4
	0
	0.6
	0.9
	/
	0
	0.3
	0.8
	/

	TransNum=8
	0
	0.7
	1.2
	1.55
	0
	0.7
	1.1
	1.6

	TransNum=16
	0
	1.5
	2.7
	2.9
	0
	1.2
	2.6
	2.8


The performance gain was summarized in table 1. It is observed that the performance improvement of joint channel estimation is remarkable with increasing number of repetitions. And it can be find that the granularity of joint channel estimation is not as larger as better. There is 1.2 dB gain under 16 repetitions can be obtained when increasing the granularity from 2 to 4; while joint channel estimation under 8 repetitions only provides extra 0.2 dB gain compared with 4 repetitions.
Observation 1: There is 1.2 dB gain under 16 repetitions can be obtained when increasing the granularity from 2 to 4; while joint channel estimation among 8 repetitions only provides extra 0.2 dB gain compared with 4 repetitions.

Proposal 1: Proper granularity for DMRS bundling or a DMRS bundling time window need to be introduced and specified if joint channel estimation is supported.
2.2 Time domain window
Although joint channel estimation do make benefit to coverage enhancement, the premise of such mechanism is phase continuity and power consistency. That is, during a DMRS bundling granularity or a DMRS bundling time window UE is expected to maintain power consistency and phase continuity among PUSCH transmissions. The DMRS bundling mechanism should be specified and further discussed, such as how to maintain power consistency and phase continuity within the window, whether need to and how to trigger a DMRS bundling mechanism, how to configure and indicate the time window size and so on. 
First, we think the DMRS bundling mechanism is related to a UE capability or implementation. Various factors may affect the ability of a UE to maintain the coherent transmissions. RAN4 would give a LS reply and some constraints related to UE to ensure the UE power consistency and phase continuity, such as UE should maintain the beam unchanged or no antenna switching, multiplexing or measurement operations can also impact the UE power consistency. Thus, a UE capability report or UE assistance information report may be required to inform gNB that current UE meets the constraints. 
As for triggering the DMRS bundling mechanism, it can based on gNB indication or UE report. For example, it can be triggered by gNB implicitly or explicitly through RRC/MAC-CE/DCI signalling, trigger signalling may be a dedicated enable/disable information or a specific configuration at least including time window size, and the trigger mode may be per UE, group UEs or whole cell UEs. After UE receiving a trigger signalling, if this UE meets the power consistency and phase continuity constrains, it can conduct the joint channel estimation. Another solution is that DMRS bundling mechanism is triggered by UE report, such as a UE capability or an assistance information report, containing whether and/or even how long the UE can maintain power consistency and phase continuity. Then gNB can conduct schedule directly or configure DMRS bundling time window size based on this report.
Proposal 2: DMRS bundling mechanism can be triggered by gNB or UE.
The determination of length of time window depends on both network side and UE side. From gNB side, schedule UE using the same allocated frequency resource, frequency hop pattern, different use cases and repetition number all have an impact on the size of time window. From UE side, varying the UE transmit power or TX beam, UE measurement, UE beamforming, antenna switching also affect the size of time window. Thus, window size within which power consistency and phase continuity should be maintained depends on both UE capability and gNB scheduling. But the final size of the DMRS bundling time window should be gNB determined and configured and UE capability report or assistance information report is for reference only.
Proposal 3: The length of the time window should be final configured and indicated by gNB.
Considering UE may have different service type simultaneously, such as eMBB&URLLC with different coverage requirements time delay requirements and accuracy requirements of channel estimation, or UE may under different use cases conducting joint channel estimation for PUSCH, such as use case3 and use case 5. Different use cases or service types has different CE target, repetition numbers thus UE needs to support multiple time windows sizes. A simple method is to configure N time windows through RRC for each UE, but only no more than M time window can be actived and supported simultaneously through DCI indication.
Proposal 4 : Support to configure N multiple time windows through RRC, and at any given time, only M time window can be activated and supported  for each UE simultaneously through DCI.
2.3 DMRS location/granularity Optimization in time domain
In order to enhance the coverage of the uplink PUSCH channel, some schemes related to DMRS location/granularity in time domain should be taken into consideration. On the one hand, low-density DMRS schemes can save more resources and transmit power for data transmission, consequently improve the throughput performance of PUSCH. On the other hand, high-density DMRS schemes can improve the accuracy of channel estimation, which would be some benefit. In order to balance above conflicting requirements in different scenarios, diverse DMRS patterns and dynamic configuration of DMRS should be supported, such as different combinations of mapping types for PUSCH A and PUSCH B.  
After designing and supporting more DMRS patterns with different granularity and density, we suggest that each gNB can configure and maintain a DMRS table through RRC, like TDRA table, in which a type of DMRS configuration per row includes the DMRS location, granularity, symbols, index and so on. An example was shown in table 1. Then, UE could choose the best DMRS pattern dynamically through DCI indication depending on link quality in different scenarios to achieve the best transmission and coverage performance.
Tabel 1: An example of DMRS configuration table

	index
	symbols
	Time domain location
	Frequency location
	Bundling granularity

	0
	1
	0
	1,3,5,7,9,11
	4 slots

	1
	1
	0,5,10
	1,3,5,7,9,11
	2 slots

	2
	2
	2,4
	1,2,7,8
	4 slots

	4
	2
	2,4,7
	1,2,7,8
	2 slots

	……
	……
	……
	……
	……


Proposal 5: Support maintain a DMRS configuration table containing more diverse DMRS patterns for dynamically indication and configuration
Besides different DMRS density for different PUSCH transmissions, DMRS equally spaced among PUSCH transmissions is proposed. A uniform DMRS pattern is beneficial to joint channel estimation. One scheme to realize it is to limit and configure a maximum number of DMRS symbols or a maximum DMRS symbol ratio within the DMRS bundling time window, indicated by gNB through RRC signalling. That is, the number of DMRS symbols in each window should not exceed this limit or this ratio. On the one hand, it limits the DMRS density in each time window, saving more resource for data transmission and provides a reference for DMRS pattern choosing. On the other hand, it is convenient to compute the DMRS symbol interval in an uniformed DMRS pattern based on this maximum DMRS symbols number.And gNB can implicitly or explicitly indicate the DMRS interval to UE or the DMRS interval can be computed by UE itself.
Proposal 6：The maximum number of DMRS symbols and DMRS interval in a DMRS bundling time window should be defined and configured for equally spacing DMRS among PUSCH transmissions
3 Conclusion
In this contribution, we discuss the mechanism of joint channel estimation, based on the discussion, our views are summarized as follows
Proposal 1: Proper granularity for DMRS bundling or a DMRS bundling time window need to be introduced and specified if joint channel estimation is supported.
Proposal 2: DMRS bundling mechanism can be triggered by gNB or UE.
Proposal 3: The length of the time window should be final configured and indicated by gNB.

Proposal 4 : Support to configure N multiple time windows through RRC, and at any given time, only M time window can be activated and supported  for each UE simultaneously through DCI.
Proposal 5: Support maintain a DMRS configuration table containing more diverse DMRS patterns for dynamically indication and configuration
Proposal 6：The maximum number of DMRS symbols and DMRS interval in a DMRS bundling time window should be defined and configured for equally spacing DMRS among PUSCH transmissions
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Annex 
Table2  Simulation assumption
	Parameters
	Value

	System bandwidth
	100MHz

	Carrier Frequency
	4 GHz,

	Number of symbols for slot
	14

	Number of DMRS symbol
	1

	Subcarrier spacing
	30KHz

	MCS
	MCS=0/1

	Channel coding
	LDPC code 

	Transmission scheme
	1-port transmission diversity

	Channel estimation
	Realistic, LMMSE

	Noise estimation
	IDEAL

	Detection method
	MMSE

	Channel model
	TDL-C 300ns

	UE relative speed
	3km/h

	Number of UE antennas
	4Tx

	Number of receive chains
	1


