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 Introduction
In the RAN1#103-e meeting, RAN1 has finished its study on NR coverage enhancement with the technical report endorsed in TR 38.830 [1]. Basically, potential techniques for coverage enhancement on the following three items were discussed in RAN1. 
· PUSCH enhancements
· PUCCH enhancements
· Enhancements for channels other than PUSCH and PUCCH
In this contribution, we provide our views on work item scope with respect to above three items for NR coverage enhancement in Rel-17.
Discussion
1.1 PUSCH enhancements
In the RAN1#103-e meeting, RAN1 recommends three techniques for PUSCH enhancements, including enhancements on PUSCH repetition type A, support of TB processing over multi-slot PUSCH and joint channel estimation/DM-RS bundling for PUSCH. 
	· It is recommended to support enhancements on PUSCH repetition type A in Rel-17, including the following two options (potential down-selection during the WI phase):
· Option 1: Increasing the maximum number of repetitions, e.g., up to 32.
· Option 2: The number of repetitions counted on the basis of available UL slots.
·  It is recommended to support TB processing over multi-slot PUSCH in Rel-17, including:
· TBS determined based on multiple slots and transmitted over multiple integer slots.
· It is recommended to support joint channel estimation or DM-RS bundling for PUSCH in Rel-17, including:
· Joint channel estimation over consecutive PUSCH transmissions
· Inter-slot frequency hopping with inter-slot bundling



It is basically a common understanding in RAN1 that the three enhancement aspects could offer clear coverage performance gain. Our further understanding for these aspects are summarized as follows. 
· For PUSCH repetition Type A, the specification impacts are expected to be very small for either of the two options. In addition, it seems there is no much conflict between the two options, where Option 1 is more straightforward to FDD, while Option 2 is more suitable for TDD. For instance, with TDD configuration ‘DDDSU’, it may need a very large indication number with Option 1 only, e.g., 80 for an actual number of 16 repetitions. Thus, it is desirable to support both options.
· For TB processing over multi-slot, there is no need to keep phase continuity if no DMRS enhancement is considered, e.g, DMRS sharing with no DMRS in some slots. In this case, the specification impacts would not be large. 
· For joint channel estimation/DMRS bundling, it has concluded in RAN1 that optimization of DMRS location/granularity is not included here. So, the specification impacts would be also manageable. 
There are also other enhancements discussed in RAN1 for PUSCH, e.g., power boosting for pi/2 BPSK for PUSCH for PC2 UEs and sub-PRB transmission. For power boosting for pi/2 BPSK PUSCH, it is a general enhancement for UL, and it is more like a RAN4-led objective which is better to be first triggered by RAN4. For sub-PRB transmission, it could be beneficial for coverage enhancement, while it impacts not only TBS/RV/DMRS design, but also needs to change the waveform and has impact on RF requirement. Thus, the specification impacts would be very large. 
Based on above analysis, we prefer to only take the three enhancement aspects recommended by RAN1 for PUSCH enhancements in Rel-17. 
Proposal 1: For PUSCH, support the following enhancements in Rel-17 NR coverage enhancement work item. 
· Enhancements on PUSCH repetition type A, including increasing the maximum number of repetitions and the number of repetitions counted on the basis of available UL slots.
· TB processing over multi-slot PUSCH in Rel-17, including TBS determined based on multiple slots and transmitted over multiple integer slots.
· Joint channel estimation/DMRS bundling, including joint channel estimation over consecutive PUSCH transmissions and inter-slot frequency hopping with inter-slot bundling.
1.2 PUCCH enhancements
For PUCCH enhancements, four techniques are prioritized during the study item phase.  
· DMRS-less sequence based PUCCH. 
· As captured in [1], the majority of sources show clear performance gain for sequence based PUCCH with 3~11 bits UCI. However, it is argued that it requires to specify a new PUCCH format, which expects large specification impacts. To relieve the concern, one way is to reuse Rel-15/16 existing sequences, i.e., no new sequences need to be specified. Then, the remaining work is mainly to specify UCI to sequence mapping and sequence to RE mapping, for which the specification is manageable. 
· From receiver implementation point of view, gNB needs to perform non-coherent detection from a sequence pool with up to 2^11 sequences while no channel estimation is required. Thus, the impact on receiver complexity is minor overall. 
·  Dynamic indication of PUCCH repetition factor.
· In Rel-15/16, PUSCH will be dropped if it collides with a PUCCH with repetitions. This would either limit the network to configure a semi-static lower number of PUCCH repetitions which impacts on PUCCH performance, or lead to dropping of PUSCH which impacts PUSCH performance. Thus, it is beneficial to support dynamic indication of PUCCH repetition factor, which requires very minor specification impact. 
· PUSCH repetition type-B like PUCCH repetition.
· PUSCH repetition type B is introduced in Rel-16 URLLC mainly for low latency. Current slot-level PUCCH repetition is sufficient for coverage enhancement. In addition, it anticipates very large of specification impacts required as discussed in RAN1. 
· DMRS bundling across PUCCH repetitions. 
· Similar to PUSCH, DMRS bundling across PUCCH repetitions could be potentially beneficial. However, the performance gain offered is expected smaller than that of PUSCH. Because, PUCCH typically uses a smaller number of PRBs, and frequency hopping would provide larger performance gain in such case. Thus, gNB could use frequency hopping to achieve diversity gain instead of using DMRS bundling to achieve cross-slot channel estimation gain. 
Based on above analysis, we prefer to support the following enhancements for PUCCH in Rel-17. 
Proposal 2: For PUCCH, support the following enhancements in Rel-17 NR coverage enhancement work item. 
· DMRS-less sequence based PUCCH for UCI payload of 3~11 bits, without specifying new sequences. 
· Dynamic indication of PUCCH repetition factor.
1.3 Enhancements for channels other than PUSCH and PUCCH
Regarding enhancements for channels other than PUSCH and PUCCH, mainly Msg3 PUSCH and PRACH enhancements are discussed in RAN1. In the following, we provide our further analysis on this.
1.3.1 Msg3 PUSCH enhancement
In FR1, Msg3 PUSCH is identified as the second priority bottleneck channel (only PUSCH with eMBB/VoIP has the first priority). However, if we look into some specific scenarios in FR1, e.g., 700 MHz rural scenario with service dependent target, MIL of Msg3 is only 0.56 dB better than the worst channel PUSCH with VoIP as observed from the table below (excerpted from the TR).  For other scenarios with VoIP traffic, the gap between Msg3 and PUSCH for VoIP is very small e.g (as small as 0.07dB).   In addition, Msg3 results have a lower standard deviation. Provided that regular PUSCH is expected to be enhanced in Rel-17 as described above, Msg3 would become the worst bottleneck channel considering the impact of standard deviation and very easily compensated marginal gap by applying the supported enhancements for regular PUSCH.  In other words, Rel-17 coverage is limited by Msg3 coverage in some scenarios if Msg3 is not enhanced. 
Table 1 The result of bottleneck identification by using absolute metrics for FR1
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[bookmark: _GoBack]In FR2, Msg3 PUSCH is identified as bottleneck channel. In urban scenario, most of UL channels have quite large coverage shortage especially for O2I case. It implies that enhancement on Msg3 is very desirable to improve the coverage in FR2 overall.  
In both FR1 and FR2, the reported results from some companies assumed the same antenna array gain between Msg3 and regular PUSCH, which would make the results of Msg3 be even worse if more realistic assumption is used.
In addition, Msg3 is one of the worst channel in initial access in some scenarios. A UE would not be able to access the network at the very beginning even if the UE may not always require very high eMBB data rate or very high voice quality. 
Observation 1: Msg3 could be the bottleneck channel in some scenarios in FR1 and in Urban scenario in FR2.
As for the target scenarios, it will depend on operators’ real deployment. There has been experience in LTE where coverage enhanced UEs and legacy LTE UEs are co-existing in the same network. During RAN1 discussion, companies especially operators have proposed several relevant scenarios for Msg3 enhancement as follows. 
· Heterogeneous network, where Rel-15/16 UEs can still access the network via Macro layer in the enlarged cell region. 
· Outdoor gNB serves deep indoor UE, e.g, in Rural 700MHz/4GHz scenario. 
·  Isolated cell in the countryside.
· Increasing coverage or data rate of Msg3. 
Some illustrated examples for the first two target scenarios are shown in Figure 1, where the cell coverage of the Pico layer could be enlarged in Rel-17. In this scenario, if a Rel-15/16 UE moves to the enlarged region, the UE can still access to the network by the Macro layer. This could maintain UE mobility on Pico layer so that it can effectively offload more UEs to Pico layer and leave more resources for poorer UEs. In addition, if beam failure happens for a UE in Pico layer, it would be inefficient to do beam failure recovery by switching into Macro layer with a lower frequency. 
Observation 2: There are many scenarios for coverage enhancement for initial access channels requested from operators.

Enhance accessibility for Rel-17 UEs in deep indoor 
Enlarge isolated cell coverage in countryside
Rel-15/16 coverage
Enlarged coverage in Rel-17

Figure 1 Illustrated examples for the target scenarios for Msg3 enhancement. 
For the specific enhancement, Msg3 PUSCH repetition is one straightforward and effective way, which is also supported by 20 companies during the discussion in RAN1. Thus, we have the following proposal. 
Proposal 3: Support Msg3 PUSCH repetition in Rel-17 NR coverage enhancement work item. 
2.3.2 PRACH enhancement
In RAN1, short PRACH format is identified as a bottleneck channel in FR2. As for the enhancement scheme, multiple PRACH transmissions is studied. During RAN1 discussion, majority of companies believe multiple PRACH transmissions is beneficial for coverage enhancement while minority think otherwise. In the following, we provided our views on the two aspects from the intensive debate in RAN1. 
· Regarding multiple PRACH transmissions vs Rel-15/16 PRACH re-attempts
· For multiple PRACH transmissions with the same beam, gNB can do joint detection among multiple transmissions to improve the performance gain. However, gNB cannot do joint detection among multiple re-attempts. 
· For multiple PRACH transmissions with different beams, gNB can detect and find the best UL Tx beam, and then indicate the best Tx beam to UE. It could provide beam sweeping gain not only for PRACH but also the subsequent UL channels in RACH procedure. For PRACH re-attempts, it is an UE implementation that whether a UE will use the same or different beam, and gNB has no idea of whether a PRACH transmission is an initial transmission or a re-attempt. In this context, gNB cannot make any assumption on the beam used among two PRACH attempts, and therefore the beam sweeping gain cannot be guaranteed. 
· PRACH re-attempts may cause longer latency for initial access depending the configuration, e.g. TDD configuration, RAR window size, backoff time. In most cases, the latency by using multiple PRACH transmissions could be smaller. 
· Regarding PRACH collision rate/Measurement accuracy
· Whether multiple PRACH transmissions could increase the collision rate fully depends on the detailed design. For instance, similar mechanism as 2-step RACH could be reused, i.e., using separate ROs or preambles to differentiate between legacy UEs and enhanced UEs. With such design, the collision rate would not be increased, and therefore it will not impact on measurement accuracy for beam detection.
As for the target scenarios for PRACH enhancement, it is similar to what have been discussed above for Msg3 enhancement. As a result, we have the following proposal.
Proposal 4: Support enhancement on short PRACH format for FR2 in Rel-17 NR coverage enhancement work item. 
 Conclusion
According to the analysis given above, we have the following proposals:
Proposal 1: For PUSCH, support the following enhancements in Rel-17 NR coverage enhancement work item. 
· Enhancements on PUSCH repetition type A, including increasing the maximum number of repetitions and the number of repetitions counted on the basis of available UL slots.
· TB processing over multi-slot PUSCH in Rel-17, including TBS determined based on multiple slots and transmitted over multiple integer slots.
· Joint channel estimation/DMRS bundling, including joint channel estimation over consecutive PUSCH transmissions and inter-slot frequency hopping with inter-slot bundling.

Proposal 2: For PUCCH, support the following enhancements in Rel-17 NR coverage enhancement work item. 
· DMRS-less sequence based PUCCH for UCI payload of 3~11 bits, without specifying new sequences. 
· Dynamic indication of PUCCH repetition factor.

Observation 1: Msg3 could be the bottleneck channel in some scenarios in FR1 and in Urban scenario in FR2.
Observation 2: There are many scenarios for coverage enhancement for initial access channels requested from operators.
Proposal 3: Support Msg3 PUSCH repetition in Rel-17 NR coverage enhancement work item. 

Proposal 4: Support enhancement on short PRACH format for FR2 in Rel-17 NR coverage enhancement work item. 
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