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1 [bookmark: _Ref521334010]Introduction
At RAN#86 meeting, a new Rel-17 SI on NR coverage enhancement was approved [1]. One of the objective of this study item is to identify the performance target for coverage enhancement, and study the potential solutions for coverage enhancements:
· The target channels include at least PUSCH/PUCCH 
· Study enhanced solutions, e.g., time domain/frequency domain/DM-RS enhancement (including DM-RS-less transmissions)
· Study the additional enhanced solutions for FR2 if any
· Evaluate the performance of the potential solutions based on link level simulation.
In this contribution, we provide our initial considerations on potential solutions for NR PUSCH coverage enhancement.
2 Discussions
As shown in [2] and [3], PUSCH coverage is the bottleneck in most simulated scenarios. PUSCH coverage enhancement schemes needs to be studied. In this section, we provide some potential solutions to improve the PUSCH coverage.
Msg 3/Msg A PUSCH repetition
As shown in [2] and [3], the coverage of msg 3 is still problematic in some scenarios even if the payload size is much smaller than normal PUSCH transmission. In NR, PUSCH repetition type A and PUSCH repetition type B have been introduced to improve PUSCH reliability, hence enhancing PUSCH coverage. However, Msg 3 and Msg A PUSCH repetition is not supported in current spec. The performance of Msg3 and MsgA can be improved by supporting PUSCH repetition. 
Proposal 1: PUSCH repetition for Msg 3 and Msg A can be considered to enhance the coverage.
Enhanced frequency hopping
Frequency hopping is one way to improve PUSCH reliability by introducing frequency domain diversity. For NR PUSCH frequency hopping, inter-slot and intra-slot frequency hopping are supported for PUSCH repetition type A and inter-repetition and inter-slot frequency hopping are supported for PUSCH repetition type B. Further enhancements can be considered based on current frequency hopping schemes.
One possible enhancement is to support more frequency hopping locations. It can improve PUSCH reliability by introducing more frequency domain diversity when the BWP bandwidth is large enough.
Additionally, the frequency hopping can be further enhanced from the following two perspectives. 
· Frequency hopping mode optimization for PUSCH repetition type B. For PUSCH repetition type B, inter-repetition hopping and inter-slot hopping are supported. Bur for the case wherein K=1 and the nominal repetition does not cross slot boundary, as the example shown in figure 1, neither inter-slot frequency hopping nor inter-repetition frequency hopping is available even though the nominal repetition length is relatively long and frequency hopping can bring considerable performance gain for this case. For the case wherein K=1 and the nominal repetition crosses slot boundary, only inter-slot hopping is possible to be applied. The benefit harvested from frequency hopping will be jeopardized if the duration of the two hops has a big huge, e.g. 2 symbols and 12 symbols. Therefore, intra-repetition hopping can be considered for PUSCH repetition type B in order to improve the coverage. 


(a): No hopping is available regardless of inter-repetition or inter-slot hopping is configured


(b): frequency hopping gain can be obtained if intra-repetition hopping is supported
Figure 1: Example 1 with S=2, L=12, K=1


(a): Inter-slot hopping results in unbalanced hopping length.


(b): More balanced hopping length can be obtained if intra-slot hopping based on nominal repetition can be supported.
Figure 2: Example 2 with S=2, L=14, K=1

· More flexible frequency hopping mode determination method for PUSCH repetition type B. In NR current spec, frequency hopping mode is configured by RRC parameters for both PUSCH repetition type A and PUSCH repetition type B. For PUSCH repetition type A, since inter-slot hopping can only be applied when RRC configured pusch-AggregationFactor or repK larger than 1, there is no problem to determine frequency hopping mode according to RRC parameter. However, for PUSCH repetition type B, different combination of PUSCH start symbol S, PUSCH length L and number of repetitions K can be dynamically adjusted for DG PUSCH and different combinations of L and K may need different frequency hopping mode. For example, if inter-repetition hopping is RRC configured, frequency hopping can’t be conducted for the example case as shown in Figure 2 while inter-slot hopping is possible. On the contrary, if inter-slot hopping is RRC configured, frequency hopping can’t be conducted if the whole PUSCH doesn’t cross slot boundary as shown in Figure 3. But inter-repetition hopping is possible for this case. Therefore, frequency hopping pattern determination based on RRC parameter may be not optimized for PUSCH repetition type B. One possible solution is to determine the frequency hopping mode based on PUSCH resource allocation parameters, i.e. S, L and K.


(a): Inter-slot hopping can’t be conducted.


(a): Inter-repetition hopping is possible
Figure 3: Example 3 with S=2, L=6, K=2

Proposal 2: Further enhancement on frequency hopping can be considered, e.g. more frequency hopping locations, frequency hopping mode optimization for PUSCH repetition type B and more flexible frequency hopping mode determination method for PUSCH repetition type B.
Cross-slot/repetition channel estimation
Cross-slot/repetition channel estimation can improve channel estimation performance and thus improve PUSCH reliability. It can be studied as one possible method for PUSCH coverage enhancement with little spec impact. To support cross-slot/repetition channel estimation, same precoder, same transmit power and phase continuity need to be guaranteed for bundled slots/repetitions.  
For example, if gNB wants to conduct cross-slot channel estimation every 4 slots as shown in figure 1, gNB will send the same precoder and power control command for the 4 PUSCH slots. Also gNB can ensure no group common TPC will be sent during the 4 PUSCH slots. UE sends PUSCH according to gNB indication and doesn’t need to be aware of whether any of these slots will be used for joint channel estimation or not. 


Figure 4: Cross-slot channel estimation
In this example, there may be a case when PUSCH in any of the slots is cancelled due to DL conflict. PUSCH transmission phase continuity may be violated due to DL interruption. However, gNB is aware of such interruption and can determine whether to perform cross-slot channel estimation or not. Therefore, there is no need to specify anything for cross-slot/repetition channel estimation.
Proposal 3: Cross-slot/repetition channel estimation can be supported for PUSCH coverage enhancement without specification impacts.
3 Conclusion
In this contribution, we provided our view on method for coverage enhancement with the following proposals.
Proposal 1: PUSCH repetition for Msg 3 and Msg A can be considered to enhance the coverage.
Proposal 2: Further enhancement on frequency hopping can be considered, e.g. more frequency hopping locations, frequency hopping mode optimization for PUSCH repetition type B and more flexible frequency hopping mode determination method for PUSCH repetition type B.
Proposal 3: Cross-slot/repetition channel estimation can be supported for PUSCH coverage enhancement without specification impacts.
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