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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 Msg3 PUSCH repetition for coverage enhancement. Our views on solutions for PUSCH and PUCCH coverage enhancements are described in our companion contributions [2], [3], [4] and [5], respectively. 
Discussion on Msg3 PUSCH repetition 
Indication of repetition level for Msg3 PUSCH
As defined in NR, coverage for Msg3 can be improved by employing HARQ retransmission. However, given the nature of contention based RACH procedure, it may be difficult for gNB to schedule Msg3 retransmission as gNB may not know whether UE does not receive RAR UL grant or UE actually transmits Msg3 but gNB fails to decode it. Further, Msg3 retransmission would lead to latency increase for 4-step RACH procedure, which may not be desirable from system operation perspective. 
To address this issue, one straightforward solution is to employ slot aggregation for Msg3 PUSCH for coverage enhancement during 4-step RACH procedure. Figure 1 illustrates link level simulation results for Msg3 PUSCH with different number of repetitions. In the simulations, it is assumed DFT-s-OFDM waveform and intra-slot frequency hopping for PUSCH. In addition, it is assumed TBS = 56, MCS = 0, 3 DMRS symbols that are allocated in each slot and UE moving speed of 3km/h. From the figure, it can be observed that link level performance for Msg3 PUSCH can be improved by increasing the number of repetitions. More specifically, ~2dB performance gain can be observed with doubling the repetition levels for Msg3 PUSCH.
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[bookmark: _Ref52895482]Figure 1. Simulation results for Msg3 PUSCH with repetitions

Observation 1
· ~2dB performance gain can be observed for Msg3 PUSCH when the repetition level is doubled.

To enable Msg3 PUSCH repetition, the number of repetitions of Msg3 transmission may be explicitly indicated in the RAR or fallbackRAR UL grant, which is similar to dynamic indication of aggregation level of PUSCH. In order to ensure backward compatibility, some fields may be repurposed to indicate the repetition level of Msg3 transmission. For instance, the number of bits for frequency domain resource allocation for Msg3 PUSCH may be truncated and can be used to indicate the number of repetitions for Msg3 PUSCH. 
Further, repetition can also be applied for Msg3 retransmission, where the number of repetitions may be explicitly indicated in the DCI format 0_0 scrambled with TC-RNTI. In this case, gNB may dynamically change the number of repetitions between initial Msg3 transmission and Msg3 retransmission so as to adapt to the channel conditions. 
Proposal 1
· For Type A Msg3 PUSCH repetition.
· Number of repetitions for Msg3 transmission is indicated in RAR or fallbackRAR UL grant.
· Number of repetitions for Msg3 retransmission is indicated in the DCI format 0_0 scrambled with TC-RNTI. 

In order to differentiate the enhanced UE with Msg3 PUSCH repetition and normal or legacy UE, certain mechanisms may need to be considered. One straightforward approach is to employ the PRACH resource partitioning for differentiation. After successful detection of PRACH preambles in the configured resources, gNB may indicate the repetition factor for Msg3 PUSCH transmission. As illustrated in Figure 2, for PRACH resource partitioning, either separate PRACH occasions or shared PRACH occasions with separate PRACH preambles may be configured to differentiate the enhanced UE and legacy UE.   
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[bookmark: _Ref60048528]Figure 2. PRACH resource partitioning for differentiation of enhanced and legacy UEs
Proposal 2
· Separate PRACH occasions or shared PRACH occasions with separate PRACH preambles can be configured to differentiate the enhanced UE and legacy UE.

Enhancement on Msg3 PUSCH repetition
For Msg3 PUSCH repetitions, coverage enhancement techniques that are applied for normal PUSCH transmission can also be considered. As described in our companion contribution [2], PUSCH repetition can be transmitted on the basis of available UL slots, which can ensure the coverage performance for PUSCH with repetition type A. Similar mechanism can be applied for Msg3 PUSCH repetition. More specifically, Msg3 PUSCH is only transmitted in a slot where the number of available symbols is greater than or equal to indicated number of symbols. Further, in case of cancellation due to collision with semi-static configured DL symbols, SSB transmissions and invalid UL symbols, UE would postpone the Msg3 PUSCH repetition until the number of repetitions is reached.
Proposal 3
· Msg3 PUSCH repetition is transmitted on the basis of available UL slots.

Further, as described in our companion contribution [4], substantial link level performance gain can be observed when joint channel estimation or DMRS bundling is applied in conjunction with enhanced inter-slot frequency hopping pattern. In our view, similar mechanism can also be applied for Msg3 PUSCH repetition so as to further improve the coverage. In this case, frequency hopping pattern, i.e., whether Rel-15 inter-slot frequency hopping or inter-slot frequency hopping with inter-slot bundling is applied, can be configured by higher layers. 
Figure 3 illustrates link level simulation results for Msg3 PUSCH with inter-slot frequency hopping with and without inter-slot bundling. In the simulations, it was assumed TBS = 56 and 3 DMRS symbols 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 for Msg3 PUSCH with 8 repetitions, ~1.6dB performance gain can be achieved by joint channel estimation and inter-slot frequency hopping with inter-slot bundling, compared to Rel-15 inter-slot frequency hopping without joint channel estimation.  
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[bookmark: _Ref61364788]Figure 3. Simulation results for Msg3 PUSCH with inter-slot frequency hopping with inter-slot bundling
Observation 2
· [bookmark: _GoBack]For Msg3 PUSCH with 8 repetitions, ~1.6dB performance gain can be achieved by joint channel estimation and inter-slot frequency hopping with inter-slot bundling, compared to Rel-15 inter-slot frequency hopping without joint channel estimation.
Proposal 4
· Joint channel estimation and inter-slot frequency hopping with inter-slot bundling are supported for Msg3 PUSCH repetition.

[bookmark: _Ref52481833]Conclusions
In this contribution, we discussed Msg3 PUSCH repetition for coverage enhancement. Further, we summarize the observations and proposals as follows:
Observation 1
· ~2dB performance gain can be observed for Msg3 PUSCH when the repetition level is doubled.
Observation 2
· For Msg3 PUSCH with 8 repetitions, ~1.6dB performance gain can be achieved by joint channel estimation and inter-slot frequency hopping with inter-slot bundling, compared to Rel-15 inter-slot frequency hopping without joint channel estimation.
Proposal 1
· For Type A Msg3 PUSCH repetition.
· Number of repetitions for Msg3 transmission is indicated in RAR or fallbackRAR UL grant.
· Number of repetitions for Msg3 retransmission is indicated in the DCI format 0_0 scrambled with TC-RNTI. 
Proposal 2
· Separate PRACH occasions or shared PRACH occasions with separate PRACH preambles can be configured to differentiate the enhanced UE and legacy UE.
Proposal 3
· Msg3 PUSCH repetition is transmitted on the basis of available UL slots.
Proposal 4
· Joint channel estimation and inter-slot frequency hopping with inter-slot bundling are supported for Msg3 PUSCH repetition.
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