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[bookmark: _Ref506539118]Introduction
In NR coverage enhancement WID, the following objectives have been identified [1]:
· Specification of PUSCH enhancements [RAN1, RAN4]
· Specify the following mechanisms for enhancements on PUSCH repetition type A [RAN1]
· Increasing the maximum number of repetitions up to a number to be determined during the course of the work.
· The number of repetitions counted on the basis of available UL slots.
· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]
· TBS determined based on multiple slots and transmitted over multiple slots. 
· 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]
· Specification of PUCCH enhancements [RAN1, RAN4]
· Specify signaling mechanism to support dynamic PUCCH repetition factor indication [RAN1]
· Specify mechanism to support DMRS bundling across PUCCH repetitions [RAN1, RAN4]
· Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1]
In the contribution, we discuss joint channel estimation for PUSCH coverage enhancement, with primary focus on potential optimization of DMRS patterns and inter-slot frequency hopping with inter-slot bundling. Our views on enhancements on PUSCH repetition type A and TB processing over multi-slot PUSCH are described in our companion contributions [2] and [3], respectively. In addition, our view on PUCCH enhancements is presented in our companion contribution [4]. 
Discussion on joint channel estimation for PUSCH
As summarized in TR 38.830 [5], advanced receiver including joint channel estimation algorithm can help in improving the channel estimation performance, and hence overall link budget of uplink transmission. This is of primary importance as coverage enhancement solutions are mainly targeted for low SNR regime where channel estimation is typically a performance bottleneck.
Two joint channel estimation algorithms for PUSCH were used for the simulations and are described as follows:
· Sliding window based joint channel estimation: the estimated channels on the DMRS symbols from previous N slots including current slot in a same frequency resource are jointly interpolated by using a 2D-MMSE filter to obtain the channel estimates on the data REs for current slot. For example, if N = 4, for the first slot, only estimated channels on the DMRS symbols from the first slot are used for channel estimation on the data REs, while for the second slot, estimated channels on the DMRS symbols from the first and second slot are jointly used for channel estimation on the data REs in the second slot, and so on.
· Fixed window based joint channel estimation: The estimated channels on the DMRS symbols from a fixed window size of N slots are all computed and then jointly interpolated by using a 2D-MMSE filter to obtain the channel estimates on the data REs for N slots. In the simulation, it is assumed a fixed window size of 4 slots is used for joint channel estimation.  
Figure 1 illustrates link level simulation results for PUSCH with and without joint channel estimation. In the simulations, it is assumed TBS = 136, MCS = 0 and inter-slot frequency hopping. From the figure, it can be observed that for PUSCH with 8 repetitions and inter-slot frequency hopping, when employing joint channel estimation algorithm, ~1.2dB performance gain can be achieved compared to without joint channel estimation.  
 
[bookmark: _Ref47528465]Figure 1. Simulation results for PUSCH with joint channel estimation
Observation 1
· For PUSCH with 8 repetitions and inter-slot frequency hopping, when employing joint channel estimation, ~1.2dB performance gain can be achieved compared to without joint channel estimation.  
For joint channel estimation over multiple PUSCH transmissions, UE needs to keep power consistency and phase continuity. For power consistency, UE shall transmit the multiple PUSCHs using same Tx power within a window for joint channel estimation at the receiver. Similarly, for phase continuity, same precoder is needed for multiple PUSCH transmissions in order to enable joint channel estimation. Hence, in our view, same Tx power and precoder are required within a window for joint channel estimation over multiple PUSCHs. 
Proposal 1
· UE needs to keep same Tx power, precoder and frequency resource within a window for joint channel estimation over multiple PUSCHs.

Discussion on potential DMRS enhancement
Discussion on higher DMRS density 
For coverage limited scenario, channel estimation is typically a bottleneck in terms of link level performance. When increasing the reference signal density, channel estimation accuracy can be improved substantially at the cost of higher coding rate. This implies that an appropriate tradeoff between the channel estimation accuracy and coding gain can be achieved for overall link level performance optimization. In Rel-15, flexible DMRS pattern including high DMRS density, e.g., 4 DMRS symbols for PUSCH in a slot was defined. For instance, when dmrs-AdditionalPosition is pos3, and PUSCH transmission duration is 14 symbols, 4 DMRS symbols can be configured for PUSCH transmission. 
Figure 2 illustrates link level simulation results for PUSCH with different number of DMRS symbols. In the simulation, it is assumed TBS = 136, 4 PRBs and inter-slot frequency hopping. From the figure, it can be observed that for 8 repetitions, 4 DMRS symbols can achieve better link level performance than 6 DMRS symbols. This indicates that higher DMRS density in time domain may not be needed for PUSCH coverage enhancement. 
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[bookmark: _Ref47519627]Figure 2. Simulation results for PUSCH with higher DMRS density
Observation 2
· For PUSCH with 8 repetitions and inter-slot frequency hopping, 4 DMRS symbols can achieve better link level performance than 6 DMRS symbols for PUSCH. 
Proposal 2
· Higher DMRS density in time domain is not supported for PUSCH coverage enhancement. 

Discussion on lower DMRS density
When operating at relatively high SNR regime, it may be possible to consider DMRS-less operation in certain slots during PUSCH repetition. In this case, unused DMRS symbols can be allocated for data transmission, which can help reduce code rate and bring coding gain for PUSCH link budget. Further, joint channel estimation may need to be implemented in conjunction with DMRS-less scheme to ensure the decoding performance. Figure 3 illustrates examples of PUSCH repetitions with lower DMRS density for PUSCH repetition type A and B, respectively. 
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[bookmark: _Ref52719626]Figure 3. PUSCH repetitions with lower DMRS density

Figure 4 illustrates link level simulation results for lower DMRS density for PUSCH repetition type A. In the simulation, it was assumed that TBS = 136, 1 PRB and 8 repetitions without frequency hopping. Further, two cases were considered for comparison: 1) 2 DMRS symbols are allocated in each slot; 2) 2 DMRS symbols are allocated in even slots while no DMRS symbol is allocated in odd slots. In addition, joint channel estimation is employed with a fixed window size of 4 slots. 
From the figure, it can be observed that for PUSCH with 8 repetitions and without frequency hopping, performance difference is small between the cases when DMRS symbols are not allocated in odd slots and when DMRS symbols are allocated in every slot. This is primarily due to the fact that when number of symbols allocated for PUSCH is relatively large, lower DMRS density may not help ensure decent channel estimation accuracy, which is critical to determine overall PUSCH decoding performance for low SNR regime. 
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[bookmark: _Ref52884028]Figure 4. Simulation results for PUSCH with lower DMRS density for PUSCH repetition Type A

Figure 5 illustrates link level simulation results for lower DMRS density for PUSCH repetition type B. In the simulation, it was assumed that TBS = 136, 4 PRBs, 4 symbols for each repetition and 2 repetitions without frequency hopping as shown in the Figure 3b). Further, two cases were considered for comparison: 1) 1 DMRS symbol is allocated in each repetition; 2) 1 DMRS symbol is only allocated in the first repetition. In addition, joint channel estimation is employed with a fixed window size of 2 repetitions. 
From the figure, it can be observed that for PUSCH with 2 repetitions, without frequency hopping and 4 symbols in each repetition, lower DMRS density, i.e., only 1 DMRS is allocated in the first repetition can provided ~0.6dB performance gain compared to the case when 1 DMRS symbol is allocated in both repetitions. This is due to the fact that for PUSCH repetition type B, the number of symbols is relatively small, and in case of relatively high SNR regime, DMRS overhead reduction can help decrease the code rate and hence improve the decoding performance. 
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[bookmark: _Ref61806224]Figure 5. Simulation results for PUSCH with lower DMRS density for PUSCH repetition Type B
Observation 3
· For PUSCH repetition type A with 8 repetitions and without frequency hopping, performance difference is small between the cases when DMRS symbols are not allocated in odd slots and when DMRS symbols are allocated in each slot.
· For PUSCH repetition type B with 2 repetitions, without frequency hopping and 4 symbols in each repetition, lower DMRS density, i.e., only 1 DMRS is allocated in the first repetition can provided ~0.6dB performance gain compared to the case when 1 DMRS symbol is allocated in both repetitions, 
Proposal 3
· FFS lower DMRS density in time domain for PUSCH coverage enhancement. 

Enhancement on inter-slot frequency hopping
[bookmark: _GoBack]To facilitate the joint channel estimation, frequency resource for uplink transmission during the repetitions may remain the same for certain number of slots in order to allow inter-slot interpolation for channel estimation improvement. Figure 6 illustrates one example of enhanced inter-slot frequency hopping pattern for coverage enhancement. In the example, PUSCH transmission occupies the same frequency resource for two slots before it switches to other frequency resources. In this case, the bundle size for inter-slot frequency hopping is 2 slots. 
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[bookmark: _Ref39613054]Figure 6. Inter-slot frequency hopping with inter-slot bundling for PUSCH
Figure 7 illustrates link level simulation results for PUSCH with different frequency hopping (FH) patterns. In the simulations, it is assumed TBS = 136, MCS = 0 and 2 DMRS symbols are allocated in each slot. Further, 8 repetitions are used for PUSCH transmission with Rel-15 inter-slot FH and inter-slot FH pattern with bundle size of 4. In addition, joint channel estimation is employed with a fixed window size of 4 slots. From the figure, it can be observed that when employing joint channel estimation, ~1.0dB performance gain can be achieved by inter-slot frequency hopping with inter-slot bundling, compared to Rel-15 inter-slot frequency hopping.  
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[bookmark: _Ref60378416]Figure 7. Simulation results for inter-slot frequency hopping with inter-slot bundling
Observation 4
· For PUSCH with 8 repetitions, when employing joint channel estimation with a fixed window size of 4 slots, ~1.0dB performance gain can be achieved by inter-slot frequency hopping with inter-slot bundling of 4 slots, compared to Rel-15 inter-slot frequency hopping.  

For inter-slot frequency hopping with inter-slot bundling, the bundle size may be configured by higher layers, or implicitly determined based on the number of repetitions for PUSCH. Within the bundled slots, UE shall transmit the PUSCH in the same frequency resource. As mentioned above, in order to enable joint channel estimation, UE needs to maintain same Tx power, precoder and frequency resource within the bundled slots. 
As described in our companion contribution [6], given the promising link level performance gain from joint channel estimation and enhanced inter-slot frequency hopping pattern, it is more desirable to support the joint channel estimation together with inter-slot frequency hopping with inter-slot bundling to further improve the coverage for Msg3 PUSCH. 
Proposal 4
· For inter-slot frequency hopping with inter-slot bundling, the bundle size may be configured by higher layers, or implicitly determined based on the number of repetitions for PUSCH.

[bookmark: _Ref52481833]Conclusions
In this contribution, we discussed joint channel estimation for PUSCH coverage enhancement, with primary focus on potential optimization of DMRS patterns and inter-slot frequency hopping with inter-slot bundling. Further, we summarize the observations and proposals as follows:
Observation 1
· For PUSCH with 8 repetitions and inter-slot frequency hopping, when employing joint channel estimation, ~1.2dB performance gain can be achieved compared to without joint channel estimation.  
Observation 2
· For PUSCH with 8 repetitions and inter-slot frequency hopping, 4 DMRS symbols can achieve better link level performance than 6 DMRS symbols for PUSCH. 
Observation 3
· For PUSCH repetition type A with 8 repetitions and without frequency hopping, performance difference is small between the cases when DMRS symbols are not allocated in odd slots and when DMRS symbols are allocated in each slot.
· For PUSCH repetition type B with 2 repetitions, without frequency hopping and 4 symbols in each repetition, lower DMRS density, i.e., only 1 DMRS is allocated in the first repetition can provided ~0.6dB performance gain compared to the case when 1 DMRS symbol is allocated in both repetitions, 
Observation 4
· For PUSCH with 8 repetitions, when employing joint channel estimation with a fixed window size of 4 slots, ~1.0dB performance gain can be achieved by inter-slot frequency hopping with inter-slot bundling of 4 slots, compared to Rel-15 inter-slot frequency hopping.  
Proposal 1
· UE needs to keep same Tx power, precoder and frequency resource within a window for joint channel estimation over multiple PUSCHs.
Proposal 2
· Higher DMRS density in time domain is not supported for PUSCH coverage enhancement. 
Proposal 3
· FFS lower DMRS density in time domain for PUSCH coverage enhancement. 
Proposal 4
· For inter-slot frequency hopping with inter-slot bundling, the bundle size may be configured by higher layers, or implicitly determined based on the number of repetitions for PUSCH.
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