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Introduction
In RAN1#105-e meeting, coverage enhancement for Msg3 was discussed including Requesting Msg3 PUSCH repetition, Available slots for msg3 PUSCH repetition, Indication of the number of repetition of Msg3 initial transmission and re-transmission, RV, Intra-slot frequency hopping / Inter-frequency hopping. Also, several agreements were made [1]. Following the previous agreement, we continue to discuss on coverage enhancement for Msg3.
Discussion
In this section, we discuss on Requesting Msg3 PUSCH repetition, Available slots for msg3 PUSCH repetition, Indication of the number of repetition of Msg3 initial transmission and re-transmission, RV for msg3 PUSCH repetition, Intra-slot frequency hopping / Inter-frequency hopping.

Requesting Msg3 PUSCH repetition
In RAN1#105-e meeting, it was agreed to use separate preamble with shared RO. Also, it needs to decide whether to additionally support to use separate RO.
	Agreement:
· For requesting Msg3 PUSCH repetition, support the following:
· Use separate preamble with shared RO configured by the same PRACH configuration index with legacy UEs.
· FFS whether to introduce a PRACH mask to indicate a sub-set of ROs associated with a same SSB index within an SSB-RO mapping cycle for requesting Msg3 repetition for a UE. 
· FFS definition of shared RO (e.g., whether the shared RO can be an RO with preamble(s) for 4-step RACH only or with preambles for both 4-step RACH and 2-step RACH).
· FFS whether or not to additionally support one (& only one) more option:
· E.g., option 2: Use separate RO configured by a separate PRACH configuration index from legacy UEs
· E.g., Option 3: Use separate RO, which include
· the separate RO configured by a separate RACH configuration index from legacy UE, and
· the remaining RO (if any) configured, by the same PRACH configuration index with legacy UEs, that cannot be used by legacy rules for PRACH transmission.



The main consideration point of association between SSB and RO is whether the number of RO for CE is equal to or less than the number of RO for legacy RACH procedure. When the number of RO for CE and that of legacy RACH is same, the mapping ratio of SSB association is same with each other. Hence, it is expected that same SSB indices can be mapped to ROs for CE and ROs for legacy RACH in the same time resource. Also, if less number of ROs for CE than that of ROs for legacy RACH is configured for resource efficiency, gNB should configure appropriate number of RO for CE which can guarantee that same SSB indices is mapped to ROs for CE and ROs for legacy RACH in the same time resource.

Proposal 1: Support to use separate RO (e.g., longer period, less ROs) configured by a separate PRACH configuration index from legacy UEs. 

Remaining discussion point for using shared RO is how to define shared RO. In Rel-16, it was introduced that a part of configured ROs is used for 2-step RACH. In this case, a part of ROs is used for both 4-step RACH and 2-step RACH, while the other ROs are used for 4-step RACH only. When we consider on a possibility that all configured ROs are used for requesting coverage enhancement and a part of ROs is used for 2-step RACH, it is quite natural to support both cases: 
· Case 1: The shared RO can be an RO with preamble(s) for 4-step RACH only when the preamble(s) in the RO is not used for 2-step RACH. 
· Case 2: The shared RO can be an RO with preamble(s) for both 4-step RACH and 2-step RACH when the preamble(s) in the RO is used for 2-step RACH.

Proposal 2: The shared RO can be an RO with preamble(s) for 4-step RACH only when the preamble(s) in the RO is not used for 2-step RACH. Also, the shared RO can be an RO with preamble(s) for both 4-step RACH and 2-step RACH when the preamble(s) in the RO is used for 2-step RACH.

In addition, it was agreed that an UE requests msg3 repetition at least when the RSRP of downlink pathloss reference lower than an RSRP threshold. Remaining discussion point is how to determine the RSRP threshold.
	Agreement: A UE requests Msg3 PUSCH repetition at least when the RSRP of the downlink pathloss reference is lower than an RSRP threshold.
· FFS the determination of the RSRP threshold.



UL coverage can be determined depending on UE capability (e.g., UE maximum transmission power, UL Tx beam gain, the number of UE Tx antenna). During random access procedure (esp., UE in IDLE state), the UE capability is not reported to network, hence it is hard for network to indicate appropriate level of RSRP threshold. In this sense, it is better to determine the RSRP threshold in UE side considering on UE capability. 

Proposal 3: The RSRP threshold is determined by the UE side considering on UE capability (e.g., UE maximum Tx power, UE Tx beam gain, number of UE Tx antenna.)

Available slots for msg3 PUSCH repetition
In RAN1#105-e meeting, available slot for msg3 PUSCH repetition was discussed, and followings were agreed. And, whether and how to use flexible symbols indicated by TDD-UL-DL-Configcommon is remained for further discussion.
	Agreement: Available slot for Msg3 PUSCH repetition doesn’t depend on dynamic SFI in DCI format 2-0.
Agreement: Available slot for Msg3 PUSCH repetition doesn’t depend on UL CI.
Agreement: Available slots for Msg3 PUSCH repetition do not depend on tdd-UL-DL-ConfigurationDedicated.
Agreement: Available slot for Msg3 PUSCH repetition depends on TDD-UL-DL-Configcommon. 
· A slot is determined as available for Msg3 repetition only if the consecutive symbols allocated for Msg3 repetition in the slot are all available symbols. 
· UL symbols indicated by TDD-UL-DL-Configcommon are determined as available for Msg3 repetition.
· FFS whether and how to use flexible symbols indicated by TDD-UL-DL-Configcommon.



The flexible symbols indicated by TDD-UL-DL-Configcommon can be configured as UL resource if the resource does not conflict with resource configured as DL (i.e., SSB) or gap symbols (e.g., 2 OFDM symbols after end of OFDM symbol for SSB). We can consider a possibility of collision between pre-configured DL symbols (i.e., SSB)/gap symbols and configured UL symbols for msg3 PUSCH repetition. In this case, the UL symbols can be determined as unavailable.  

Proposal 4: Flexible symbols indicated by TDD-UL-DL-Configcommon can be used for msg3 PUSCH transmission. 
· When pre-configured DL symbols (i.e., SSB)/gap symbols and configured UL symbols for msg3 PUSCH repetition are collided, the UL symbols can be determined as unavailable.

Indication of the number of repetition of Msg3 initial transmission and re-transmission
In RAN1#105-e, it was discussed how to use an information field in RAR UL grant for indication of the number of repetition of Msg3 initial transmission. Also, it was decided to down-select only one field in RAR for indicating of the number of repetition. Furthermore, for msg3 re-transmission, two options were identified. 
	Working assumption:
· Using an information field from the existing information fields in RAR UL grant for indication of the number of repetition of Msg3 initial transmission 
· Down-select only one from the following information fields in RAR UL grant for indication of the number of repetition of Msg3 initial transmission. 
· TDRA information field with introducing a new TDRA table including the repetition factors.
· MCS information field
· TPC information field
· CSI request information field
· FDRA information field
· The total size of RAR UL grant does not change.
· Position of all fields in the bit sequence of the RAR UL grant does not change, regardless of whether they are repurposed or not.
· FFS details, e.g., TDRA table selection, or whether/how to indicate which interpretation UE should use for the repurposed information field (legacy vs repurposed interpretation) etc. 

	Agreement: For repetition indication of Msg3 re-transmission, select one options from the following two options.
· Option 1: Use the same mechanism as supported for Msg3 initial transmission.
· Option2: Use HARQ process number bit field in DCI format 0_0 with CRC scrambled by TC-RNTI.  



For simplifying specification work, we prefer to use the same mechanism for indication of the number of repetition for both Msg3 initial transmission and Msg3 re-transmission. In addition, it can be considered to use TDRA information field with introducing a new TDRA table including the repetition factors, if the scheme is commonly used for msg3 PUSCH repetition and normal PUSCH repetition. 

Proposal 5: Use the same mechanism for indication of the number of repetition for both Msg3 initial transmission and Msg3 re-transmission.
Proposal 6: TDRA information field with introducing a new TDRA table including the repetition factors can be adopted if the scheme is commonly used for msg3 PUSCH repetition and normal PUSCH repetition.

RV for msg3 PUSCH repetition
In RAN1#105-e meeting, RV sequence for msg3 PUSCH repetition was discussed, and followings were agreed. The remaining discussion point is whether the RV cycling for msg3 is based transmission occasions on available slot.
	Agreement: Use a fixed RV sequence [0 2 3 1] for repetition of Msg3 initial and re-transmission.
· The RV cycling for Msg3 initial transmission follows the rule specified in the first row in Table 6.1.2.1-2 in TS38.214. 
· The RV cycling for Msg3 re-transmission follows the rules specified in Table 6.1.2.1-2 in TS38.214.
· FFS: The RV cycling for Msg3 is based on transmission occasions on available slot.



We prefer to use common mechanism to apply RV cycling for both msg3 PUSCH repetition and normal PUSCH repetition. It needs to be discussed for not only msg3 PUSCH repetition but also normal PUSCH repetition. 

Proposal 7: The RV cycling for Msg3 can be based on transmission occasions on available slot, if the scheme is applied for normal PUSCH repetition. 

Intra-slot frequency hopping / Inter-slot frequency hopping
In the RAN1#105-e meeting, following was concluded:
	Conclusion:
· Companies are encouraged to perform additional evaluations regarding intra-slot frequency hopping for Msg 3 with repetition. Aim to conclude whether or not to support this feature in RAN1#106-e (note: if supported, the intention is to not configure intra- and inter-slot frequency hopping simultaneously)



According to the conclusion, we provide evaluation results for performance comparison among various frequency hopping methods which include intra-slot frequency hopping, inter-slot frequency hopping, and inter-bundle frequency hopping with cross-slot joint channel estimation. For evaluating the msg3 PUSCH repetition, we assume following five cases in which 8 times repetition of PUSCH are applied:
· Case#1: No frequency hopping
· Case#2: Intra-slot frequency hopping
· Case#3: Inter-slot frequency hopping
· Case#4: Inter-bundle frequency hopping with joint channel estimation (Bundle size is 2 slots.) 
· Case#5: Inter-bundle frequency hopping with joint channel estimation (Bundle size is 4 slots.)

For Case#2 (Intra-slot frequency hopping), 4 DMRS symbols (that is, 2 DMRS symbols in the 1st hop and 2 DMRS symbols in the 2nd hop) are applied, while 3 DMRS symbols are used for the other cases. Two different UE velocity environments (i.e., 3 and 120 km/h) are assumed for performance comparison depending on UE velocity. (Note: It is assumed that gNB does not have information about the ideal UE velocity value, so corresponding channel estimation method is used for the evaluation.) Also, effect of frequency offset and residual frequency offset (which is uniform distribution within +/- 0.1 ppm) is also assumed for further observation. The detailed simulation environments are shown in the appendix.

Low Speed and no frequency offset
Performance comparison among five cases with low UE velocity environment is provided.
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[bookmark: _Ref78978890]Figure 1. BLER performance comparison between various frequency hopping methods in 3km/h UE velocity environment
In Figure 1, BLER performance comparison between various frequency hopping methods in 3km/h UE velocity environment is shown. Comparing the no frequency hopping case with the other cases, we can see that any frequency hopping methods achieves better diversity gain. Comparing the inter-slot frequency hopping case with the intra-slot frequency hopping, the inter-slot frequency hopping shows 0.4dB performance gain. Furthermore, the inter-bundle frequency hopping with bundle size 2 and 4 shows 0.4dB and 0.8dB performance gain respectively compared to the inter-slot frequency hopping. So the overall trend is that, as stated in Case#2 to Case#5, that is, as the number of DMRS symbols which can be used for the channel estimation filtering increases, the better performance can be achieved which makes to use the inter-bundle frequency hopping over the inter-slot frequency hopping to be important. Also, intra-slot frequency hopping seems inappropriate to the coverage enhancement in terms of BLER performance.

High speed and no frequency offset
Performance comparison among five cases with high UE velocity environment is provided.
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[bookmark: _Ref78979547]Figure 2. BLER performance comparison between various frequency hopping methods in 120km/h UE velocity environment
In Figure 2, BLER performance comparison between various frequency hopping methods in 120km/h UE velocity environment shown. Note that even no frequency hopping case achieves enough diversity gain from using repetition due to the time variance. Comparing the inter-bundle frequency hopping with bundle size 4 case with the other cases, about 2dB of performance degradation due to too large duration of DMRS bundling can be observed. On the other hand, the inter-bundle frequency hopping with bundle size 2 case which uses small bundle size shows almost same performance with the other cases even in the high velocity environment. Note also that, the intra-slot frequency hopping case still shows worse performance than the inter-slot frequency hopping case which is same result with the low UE velocity environment.

Low speed and residual frequency offset
Performance comparison among five cases in residual frequency error environment is provided.
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[bookmark: _Ref78979938]Figure 3. BLER performance comparison between various frequency hopping methods in residual frequency error environment
In Figure 3, BLER performance comparison between various frequency hopping methods in residual frequency error environment is shown. Even in the residual frequency error environment, inter-bundle frequency hopping cases show better or at least same performance compared to the other cases.

From the evaluations, it can be observed that inter-slot frequency hopping shows better performance than intra-slot frequency hopping. That is, intra-slot frequency hopping is inappropriate to the coverage enhancement purpose with Msg3 repetitions in terms of BLER performance. Based on the observation, we propose that only inter-slot frequency hopping is applied for msg3 PUSCH repetition (the number of repetition is equal to or larger than 2) On the other hand, intra-slot frequency hopping can be enabled when the number of repetition is equal to 1, or repetition is not configured. 
In overall cases, it is observed that when DMRS bundling is enabled, inter-bundle frequency hopping can achieve much better performance than intra-slot frequency hopping or inter-slot frequency hopping. However in some environments, (e.g. high UE velocity) DMRS bundling over too many slots can lead performance degradation. DMRS bundling with two slots shows better or at least same performance than intra- and inter-slot frequency hopping in all the cases simulated above.

Observation 1: Inter-slot frequency hopping shows better performance than intra-slot frequency hopping when msg3 PUSCH repetition is applied. 
Observation 2: When DMRS bundling is enabled, inter-bundle frequency hopping can achieve much better performance than intra-slot frequency hopping or inter-slot frequency hopping.
Observation 3: In some environments (e.g. high UE velocity) DMRS bundling over too many slots can lead performance degradation. DMRS bundling with two slots shows better or at least same performance than intra- or inter-slot frequency hopping in all the cases simulated.

Proposal 8: Intra-slot frequency hopping is desirable when repetition is not configured, and it can be enabled by the ‘Frequency hopping flag’ in RAR. Inter-slot frequency hopping is desirable when repetition is configured, and it can be enabled by the ‘Frequency hopping flag’ in RAR.
Proposal 9: DMRS bundling for msg3 PUSCH repetition should be adopted. 
· It needs to study further how to indicate DMRS bundling size.

Conclusion
In this contribution, we discuss on coverage enhancement for Msg3 PUSCH. From the discussion, we propose followings: 
Requesting Msg3 PUSCH repetition
Proposal 1: Support to use separate RO (e.g., longer period, less ROs) configured by a separate PRACH configuration index from legacy UEs. 
Proposal 2: The shared RO can be an RO with preamble(s) for 4-step RACH only when the preamble(s) in the RO is not used for 2-step RACH. Also, the shared RO can be an RO with preamble(s) for both 4-step RACH and 2-step RACH when the preamble(s) in the RO is used for 2-step RACH.
Proposal 3: The RSRP threshold is determined by the UE side considering on UE capability (e.g., UE maximum Tx power, UE Tx beam gain, number of UE Tx antenna.)

Available slots for msg3 PUSCH repetition
Proposal 4: Flexible symbols indicated by TDD-UL-DL-Configcommon can be used for msg3 PUSCH transmission. 
· When pre-configured DL symbols (i.e., SSB)/gap symbols and configured UL symbols for msg3 PUSCH repetition are collided, the UL symbols can be determined as unavailable.

Indication of the number of repetition of Msg3 initial transmission and re-transmission
Proposal 5: Use the same mechanism for indication of the number of repetition for both Msg3 initial transmission and Msg3 re-transmission.
Proposal 6: TDRA information field with introducing a new TDRA table including the repetition factors can be adopted if the scheme is commonly used for msg3 PUSCH repetition and normal PUSCH repetition.

RV for msg3 PUSCH repetition
Proposal 7: The RV cycling for Msg3 can be based on transmission occasions on available slot, if the scheme is applied for normal PUSCH repetition. 

Intra-slot frequency hopping / Inter-frequency hopping
Observation 1: Inter-slot frequency hopping shows better performance than intra-slot frequency hopping when msg3 PUSCH repetition is applied. 
Observation 2: When DMRS bundling is enabled, inter-bundle frequency hopping can achieve much better performance than intra-slot frequency hopping or inter-slot frequency hopping.
Observation 3: In some environments (e.g. high UE velocity) DMRS bundling over too many slots can lead performance degradation. DMRS bundling with two slots shows better or at least same performance than intra- or inter-slot frequency hopping in all the cases simulated.

Proposal 8: Intra-slot frequency hopping is desirable when repetition is not configured, and it can be enabled by the ‘Frequency hopping flag’ in RAR. Inter-slot frequency hopping is desirable when repetition is configured, and it can be enabled by the ‘Frequency hopping flag’ in RAR.
Proposal 9: DMRS bundling for msg3 PUSCH repetition should be adopted. 
· It needs to study further how to indicate DMRS bundling size.
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Annex: RAR grant
Table 1. Random Access Response Grant Content field size RAR grant field [2]
	RAR grant field
	Number of bits

	Frequency hopping flag
	1

	PUSCH frequency resource allocation
	14, for operation without shared spectrum channel access
12, for operation with shared spectrum channel access

	PUSCH time resource allocation
	4

	MCS
	4

	TPC command for PUSCH
	3

	CSI request
	1

	ChannelAccess-CPext
	0, for operation without shared spectrum channel access
2, for operation with shared spectrum channel access



Annex: Simulation Assumption
Table 2. Simulation assumption for evaluation of various frequency hopping cases
	Parameter
	Value

	Carrier frequency
	2GHz

	Subcarrier spacing
	15kHz

	System BW
	150RBs

	Traffic BW
	2RBs

	BS antenna configuration
	4 Rx

	UE antenna configuration
	1 Tx

	Waveform 
	CP-OFDM

	Channel model
	TDL-C (NLOS) with delay spread 30ns

	UE speed
	3, 120 km/h

	Residual frequency error
	Uniform random variable with +/- 0.1 ppm as upper bound

	MCS
	0

	Number of OS per repetition
	14

	DMRS overhead 
	3 or 4 DMRS symbols per slot

	Number of repetitions
	8 

	Channel estimation
	Practical

	Receiver type
	MMSE



First, we considered no frequency hopping case (i.e., Case#1) as the baseline performance. For this case, channel estimation filtering of multiple DMRS symbols (e.g. 3 symbols) within a slot is performed, but no cross-slot joint channel estimation is assumed. 
For the Case#2 (Intra-slot frequency hopping), since frequency position of each hop is different to each other, channel estimation filtering of DMRS symbols within a slot is not possible. 
For the Case#3 (Inter slot frequency hopping), channel estimation filtering of multiple DMRS symbols (e.g. 3 symbols) within a slot is performed, but no cross-slot joint channel estimation is assumed which is same with the case of no frequency hopping case.
In the Case#4 and Case#5 (Inter-bundle frequency hopping), we applied cross-slot joint channel estimation within the slot bundle. Two bundle sizes (i.e., 2 and 4) are applied for each cases.
As a consequences, when we go from the Case#2 to the Case#5, the number of DMRS symbols which can be used for the channel estimation filtering increases.
For the cross-slot joint channel estimation, it is assumed that time-domain window for cross-slot channel estimation consists of N consecutive slots with index of each of slot is 0, … , N-1. For the cross-slot channel estimation, it is assumed that the gNB uses the jointly combined channel estimation results from 0-th to n-th slots for data demodulation of PUSCH in n-th slot. That is, channel estimation results of (n+1)-th, (n+2)-th, … slots are not used for data demodulation of n-th slot.
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