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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#90e [1], a new WID on NR coverage enhancement was approved for Release 17, where RAN1 recommends the potential solution for PUSCH coverage enhancement
	Agreement:
· Specification of PUSCH enhancements
· Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4]
· 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 [RAN1, 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 [RAN1]


In this contribution, specification impacts of joint channel estimation for coverage enhancement are discussed.

2. Discussion on joint channel estimation for PUSCH
2.1 Enable joint channel estimation over multiple PUSCH transmissions 
To enable joint channel estimation over multiple PUSCH transmissions, the phase continuity should be ensured and an LS is sent to RAN4 to analyse key factors on phase continuity [2]. Although RAN4 is working on it, it is necessary for RAN1 to identify valuable use cases from functionality perspective. Therefore, all potential use cases are listed in Table 1 with specific description:
Table 1: Valuable use case 
	Valuable use cases
	Illustration Examples

	Case 1: Continuous PUSCH transmissions with the same power is assumed, which is a typical use case in FDD or TDD mode with continuous UL slots.
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	Case 2: Consecutive PUSCH transmissions with same transmit power, but there are muting symbols or other signals between discontinuous transmissions, which is common case, for example, both slot-based repetitions and discontinuous scheduling of PUSCH transmissions, there would be muting symbols not allocated for successive PUSCH transmissions. Besides, SRS must be configured for a UE so that it is very highly probable that SRS is transmitted between two successive PUSCH occasions. Therefore, this use case should be supported otherwise very large restriction of joint channel estimation deducts UL coverage.
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	Case 3: There are downlink symbols between multiple PUSCH transmissions, such as PUSCH transmission in TDD mode with partial DL and UL slots.
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	Case 4: The transmission of 2 continuous PUSCH are different., which is a usual case since different PUSCH can correspond to independent power control 
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Furthermore, the feasibility of ensuring the phase continuity for above valuable cases are analysed below: 
· Same transmission power among multiple PUSCH transmissions. Before each PUSCH transmission, the encoded and modulated signals will be amplified by power amplifier (PA). Usually, a PA has different amplifier operating zones with different load impedances, maximum output voltages and power amplifier gains. Once the PA switches from one operating zone to another, random phase will be generated by analogue devices and can hardly be compensated, thus the non-linear phase variation on DMRS over multiple PUSCH transmissions cost performance loss of joint channel estimation. In current specification, power control is performed for each PUSCH transmission occasion, where the transmission power between multiple PUSCH transmissions could be different and PA would switch between different operating zone, which destroys the phase continuity. Thus, the same transmission power for all PUSCH involved in the joint channel estimation should be ensured.
· No downlink and uplink switching between multiple PUSCH transmissions. In hardware implementation, if there is downlink and uplink switching between multiple PUSCH transmissions, analogue devices such as RF chains, PA, etc., will switch between ‘on’ and ‘off’ states, then random phase rotation will be introduced and is difficult to compensate, which destroys phase continuity and means that joint channel estimation of multiple PUSCH transmission is hard to perform. 
· Other limitations such as the same frequency resource, same associated SRI, etc., among multiple PUSCH transmissions are required to ensure a good performance of joint channel estimation, because if multiple PUSCH are transmitted via different RBs, different antenna ports, etc., the fading channel of different PUSCH will differ, which can degrade the performance of joint channel estimation. 
According to above analysis, we have the following conclusions:
· Phase continuity among multiple PUSCH transmissions of case 1 can be ensured, because the same transmit power is ensured between successive PUSCH transmissions without DL and UL switching.
· Phase continuity among multiple PUSCH transmissions of case 2 can be ensured:
· If there exists 1 or more muting symbol(s) or slots with zero uplink transmission power between 2 consecutive PUSCH transmissions without DL and UL switching, the phase continuity can be ensured if same transmit power is ensured for all PUSCH transmission. In those muting symbols, in practical implementation, phase continuity can be maintained.
· If there are other signals such as SRS between successive PUCH transmissions, the phase continuity can be ensured if all these signals have the same transmit power and different PUSCH associated to the same SRI without antenna port switching.
· Phase continuity among multiple PUSCH transmissions of case 3 cannot be ensured, because there is downlink and uplink switching between multiple PUSCH transmissions as analysed before.
· Phase continuity among multiple PUSCH transmissions of case 4 cannot be ensured because PA will switch its amplifier operating zone due to the different transmit powers, which would generate random phase rotations.

Proposal 1: From functionality perspective, the following use cases are beneficial and are expected to be supported.
· Continuous PUSCH transmissions with the same transmission power.
· Muting symbols with zero transmission power (not downlink symbols) or SRS transmitted between successive PUSCH transmissions with the same transmission power.

2.2 Potential DMRS location in joint channel estimation
In CE SI [2], there are discussions on optimization of DMRS locations and granularity in joint channel estimation, such as DMRS-less PUSCH and flexible DMRS patterns allocated to different PUSCH transmissions, which can achieve a flexible tradeoff between DMRS overhead and accurate channel estimation. For example, in current specification, the maximum number of additional DMRS is configured via a semi-static RRC signaling while the update of RRC signaling usually takes hundreds of milliseconds, thus multiple PUSCH transmissions will use the same configured parameter in DMRS determination within a certain duration, regardless of potential channel variation between different PUSCH transmissions. Thus, for joint channel estimation among multiple PUSCH transmissions, patterns with different number of DMRS allocated to multiple PUSCH transmissions can be supported to better match the fading channels. 
It is well known that more resources allocated to DMRS contribute to a more accurate channel estimation and improve the demodulation performance. However, it will increase the DMRS overhead. To avoid the possible impacts on fewer resources for data transmission, there is a potential method that we could allocate DMRS to resources which are not used in PUSCH transmission. For example, if S slot (or UL slot) is not used for PUSCH transmission (e.g. PUSCH repetition type A), but it consists of several uplink symbols, then these uplink symbols can be allocated as DMRS. If phase continuity between S slot (or UL slot) and PUSCH transmissions can be ensured, then by joint channel estimation, a better channel estimation can be ensured without impacts on resources of PUSCH transmissions, which will certainly improve the coverage of PUSCH. 
Furthermore, in current specification, DMRS is configured for each PUSCH within a slot duration and channel estimation of each PUSCH transmission is performed individually. Thus, to estimate the fading channel, at least 1 symbol of DMRS is needed for each PUSCH, regardless of how many symbols are scheduled for this PUSCH, e.g. the maximum DMRS overhead can be 50% for a PUSCH with 2 uplink symbols, this could happen especially for PUSCH repetition type B where a nominal repetition can be divided into segments by slot boundary and invalid symbols. For a PUSCH transmission with a few number of symbols, non-DMRS can be enabled to reduce the DMRS overhead in joint channel estimation where DMRS of all PUSCH transmissions are shared.

Proposal 2: In joint channel estimation, DMRS patterns with different DMRS density for different PUSCH transmissions can be supported to better match fading channels
Proposal 3: In joint channel estimation, unavailable slots in PUSCH transmission but consist of UL symbols can be allocated as DMRS to improve the channel estimation performance once phase continuity between these slots and PUSCH transmissions can be ensured, e.g. S slot in TDD mode
Proposal 4: In joint channel estimation by DMRS sharing of multiple PUSCHs, non-DMRS PUSCH can be supported for a PUSCH transmission with very few number of symbols to reduce the DMRS overhead of this PUSCH.
 	
2.3 Inter-slot frequency hopping with inter-slot bundling for joint channel estimation
For uplink coverage enhancement, inter-slot frequency hopping which utilizes the diversity of frequency selective fading can improve the uplink performance. Furthermore, to enable the joint channel estimation in terms of inter-slot frequency hopping, inter-slot bundling with the same frequency domain resource should be required. Thus, a time granularity K of inter-slot bundling in frequency hopping should be supported, for example as shown in Figure. 2.3-1, if a time granularity of K=2 slots is used, then 2 bundling slots with the same frequency resource should be ensured before hopping to another frequency location.
[image: ]
Figure 2.3-1 inter-slot frequency hopping with inter-slot bundling for joint channel estimation
Proposal 5: For inter-slot frequency hopping with inter-slot DMRS bundling, frequency hopping is performed every K slots where K is configurable.
 
3. Conclusions 
In this contribution, we provide overview on possible RAN1 specification impact on joint channel estimation with following observations and proposals:
Proposal 1: From functionality perspective, the following use cases are beneficial and are expected to be supported.
· Continuous PUSCH transmissions with the same transmission power.
· Muting symbols with zero transmission power (not downlink symbols) or SRS transmitted between successive PUSCH transmissions with the same transmission power.
Proposal 2: In joint channel estimation, DMRS patterns with different DMRS density for different PUSCH transmissions can be supported to better match fading channels
Proposal 3: In joint channel estimation, unavailable slots in PUSCH transmission but consist of UL symbols can be allocated as DMRS to improve the channel estimation performance once phase continuity between these slots and PUSCH transmissions can be ensured, e.g. S slot in TDD mode
Proposal 4: In joint channel estimation by DMRS sharing of multiple PUSCHs, non-DMRS PUSCH can be supported for a PUSCH transmission with very few number of symbols to reduce the DMRS overhead of this PUSCH.
Proposal 5: For inter-slot frequency hopping with inter-slot DMRS bundling, frequency hopping is performed every K slots where K is configurable.
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