3GPP TSG RAN2 Meeting #121bis                                                            R2-2302600
17th April – 26th April 2023, Online
Agenda item:
7.21.2
Source:
Samsung

Title:
RAN2 Impacts of Further NR Coverage Enhancements
Document for:
Discussion & Decision
1 Introduction
In this contribution we discuss RAN2 impacts for PRACH coverage enhancements (based on RAN1 agreements.
2 Discussion
2.1 RAN1 Agreements
RAN1 has discussed PRACH coverage enhancements and made the following agreements [1]:
SSB/CSI-RS Selection for one RACH attempt with multiple PRACH transmissions
· For multiple PRACH transmissions within one RACH attempt, they are only transmitted over ROs associated with the same SSB/CSI-RS.

· Note: This applies for multiple PRACH transmissions with same Tx beam, and also applies for multiple PRACH transmissions with different Tx beam (if supported).

Transmission power ramping within one RACH attempt with multiple PRACH transmissions

· For multiple PRACH transmissions with same Tx beam in one RACH attempt, transmission power ramping is not applied within one RACH attempt.
Response for RACH attempt with multiple PRACH transmissions
· For multiple PRACH transmissions with same Tx beam, only one RAR window is supported for RAR monitoring for one RACH attempt.

· FFS: the start position of the RAR window.

· FFS: RA-RNTI.
RACH configurations for RACH attempt with multiple PRACH transmissions – Working Assumptions
· (Working Assumption) For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, at least support that multiple PRACH are transmitted on separate ROs.

· Note: Separate RO means that the RO is separated with single PRACH transmission. 

· FFS: whether Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) can be reused for Rel-18 multiple PRACH transmissions to realize the corresponding PRACH resource partitioning.

· (Working Assumption) For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, support that multiple PRACH are transmitted with separate preamble on shared ROs.

· Note: Shared or separate RO/preamble means that the RO/preamble is shared or separated with single PRACH transmission. 

· FFS: whether Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) can be reused for Rel-18 multiple PRACH transmissions to realize the corresponding PRACH resource partitioning.

· For multiple PRACH transmissions with same Tx beam, gNB can configure one or multiple values for the number of multiple PRACH transmissions.
· If multiple values are configured, PRACH resources differentiation between multiple PRACH transmissions with different number of multiple PRACH transmissions is supported.

· FFS: details
· Support {2, 4, 8} for the number of multiple PRACH transmissions with same Tx beams.

Others
· For multiple PRACH transmissions with same Tx beam, "RO group" is assumed for multiple PRACH transmissions with separate preamble on shared ROs and/or multiple PRACH transmissions on separate ROs, and one RO group consists of valid RO(s) for a specific number of multiple PRACH transmissions.

Note 1: All ROs in one RO group is associated with the same SSB(s).

Note 2: Shared or separate RO/preamble means that the RO/preamble is shared or separated with single PRACH transmission.

Note 3: whether/how to define “RO group” in specification will be discussed separately

Note 4: Valid RO(s) refers to what is defined in existing specification

FFS: whether and how to address collision between valid ROs for multiple PRACH transmissions and other existing ROs for legacy single PRACH transmission or other features, e.g., 2-step RACH.

FFS: the time span of RO group.

FFS: whether and how ROs can be shared between different RO groups for different number of multiple PRACH transmissions.

FFS: other details

2.2 RAN2 Impacts
UL carrier selection:
In case of legacy random access procedure, upon initiation of RA procedure, UE first selects the UL carrier (NUL or SUL). UE selects NUL or SUL based on RSRP measurement of the cell for which RA procedure is initiated. If the cell is configured with SUL and if the RSRP of the downlink pathloss reference is less than rsrp-ThresholdSSB-SUL, UE selects the SUL carrier for performing RA procedure. Otherwise, UE selects the NUL carrier for performing RA procedure.  Note that the parameter rsrp-ThresholdSSB-SUL is common for all RACH configurations and BWPs of the cell.
UL coverage can be extended using multiple PRACH transmissions, so one can argue that different threshold (smaller than one used for legacy random access procedure) for SUL carrier selection can be considered for UL carrier selection. Similar issue was also discussed for coverage enhancements in R17 and it was decided to not modify the UL carrier selection as the coverage enhancements are specific to Msg3 and not for all the UL transmissions. Since the enhancements in R18 are specific to PRACH, similar principle can be applied for PRACH coverage enhancements as well. Besides, modifying UL carrier selection would require UE to first select BWP on each carrier and then check for type of RA configurations available in each UL carrier and selected BWP of UL carrier and then applying threshold depending on type of RA configuration which really complicates the current modelling.
Proposal 1: UL carrier selection mechanism is not impacted by PRACH coverage enhancements (i.e. one RACH attempt with multiple PRACH transmissions). Legacy UL carrier selection mechanism is re-used.
BWP selection:
Upon selection of UL carrier, UE needs to select the BWP of the selected UL carrier. In legacy if PRACH occasions are not configured on active UL BWP, UE selects the BWP indicated by initialUplinkBWP. In Release 18, active BWP may have PRACH occasions configured, however it may not be configured with random access resources for RACH attempt with multiple PRACH transmissions. In case UE is not in a good coverage, it may be beneficial to perform RACH attempt with multiple PRACH transmissions using a BWP other than current active UL BWP for which random access resources to perform RACH attempt with multiple PRACH transmissions are configured. One can argue that this can be handled by proper network configuration, network can signal random access resources for RACH attempt with multiple PRACH transmissions in all BWPs configured with random access resources.
Proposal 2: BWP selection mechanism is not impacted by PRACH coverage enhancements. Legacy BWP selection mechanism is re-used.
RA type selection:

Upon selection of BWP, UE needs to select the RA type. PRACH coverage enhancements are supported only for 4 step RA procedure. Similar to coverage enhancements in R17, UE can select RA type independent of whether PRACH coverage enhancements techniques are specified for 4 step RA or not. Network can always set the 2 step RA selection threshold in such a way that 2 step RA selection is performed in only good channel conditions.

Proposal 3: RA type selection mechanism is not impacted by PRACH coverage enhancements. Legacy RA type selection mechanism is re-used.
RA resource configuration selection:

In the UL BWP selected for random access, UE may be configured with both legacy (i.e. for single PRACH transmission in a RACH attempt) 4 step RA resource configuration without Msg3 repetitions and 4 step RA resource configuration for multiple PRACH transmissions within a RACH attempt. In this case, mechanism is needed to determine which RA resource configuration is used by UE. If UE is in a poor coverage, its natural to consider that UE select 4 step RA resource configuration for multiple PRACH transmissions within a RACH attempt. 
Proposal 4: If the RSRP of the downlink pathloss reference is less than a threshold (configurable), UE prioritizes selection of RA resource configuration for multiple PRACH transmissions within a RACH attempt over RA resource configuration for single PRACH transmission in a RACH attempt without Msg3 repetitions.
Currently UE is not allowed to switch between the random access configuration for the same RA type across the RA attempts. The issue is whether the same principle is applied for PRACH coverage enhancements or should UE be allowed to select between random access configuration for multiple PRACH transmissions and random access configuration for single PRACH transmission at the beginning of each RA attempt.
Proposal 5: RAN2 to discuss whether UE is allowed to select between random access configuration for multiple PRACH transmissions and random access configuration for single PRACH transmission at the beginning of each RA attempt.

In the selected BWP, UE may be configured with both legacy 4 step random access configuration (i.e. for single PRACH transmission in a RACH attempt) with Msg3 repetitions and 4 step random access configuration for multiple PRACH transmissions within a RACH attempt. If network supports both Msg3 repetitions and multiple PRACH transmissions, we need to first discuss whether such separate configurations within the same BWP is allowed or should network configure a single random access configuration with both multiple PRACH transmissions and repetitions or should network configure only one of them. Configuring separate configurations of legacy 4 step random access configuration (i.e. for single PRACH transmission in a RACH attempt) with Msg3 repetitions and 4 step random access configuration for multiple PRACH transmissions within a RACH attempt, in a BWP means that some rule (e.g. a new RSRP threshold or featurePriorities) would be needed for UE to select between these two. Simple approach would be to allow only a single random access configuration with both multiple PRACH transmissions and repetitions. UE can select between this configuration and configuration without any coverage enhancements based on RSRP threshold.
Proposal 6: For the case network supports both Msg3 repetitions and multiple PRACH transmissions, RAN2 to discuss whether network can configure within the same BWP, both a) legacy 4 step RA resources (i.e. for single PRACH transmission in a RACH attempt) with Msg3 repetitions and b) 4 step RA resources for multiple PRACH transmissions within a RACH attempt or should network configure a single random access configuration with both multiple PRACH transmissions and msg3 repetitions or should network configure only one of them.
RA resource selection during RA attempt:

RAN1 has agreed that, for multiple PRACH transmissions within one RACH attempt, they are only transmitted over ROs associated with the same SSB/CSI-RS. This means that its sufficient to select only one SSB for each RA attempt. SSB can be selected in same manner as in legacy. No enhancements are needed. Since all ROs are associated with same SSB, its sufficient to select one RA preamble. UE needs to select multiple ROs as per the configuration.
Proposal 7: For RACH attempt with multiple PRACH transmissions, UE select only one SSB as in legacy.
Proposal 8: For RACH attempt with multiple PRACH transmissions, UE select only RA preamble corresponding to selected SSB as in legacy.
Proposal 9: For RACH attempt with multiple PRACH transmissions, UE select multiple consecutive Ros (amongst the valid ROs) corresponding to selected SSB.
4 step CFRA with multiple PRACH transmissions in a RACH attempt
Based on RAN1 agreement, its not clear whether PRACH coverage enhancements techniques are applied for 4 step CFRA or not. In R17, coverage enhancements (i.e. msg3 repetitions) are not applied for CFRA as there is not Msg3 transmission during the CFRA. PRACH coverage enhancements can be useful for CFRA (e.g. during reconfiguration with sync). Network can indicate whether 4 step CFRA resources configured in rachConfigDedicated corresponds to RACH attempt with multiple PRACH transmissions or RACH attempt with single PRACH transmission. UE accordingly can apply the appropriate random access configuration.
Proposal 10: Network can indicate whether 4 step CFRA resources configured in rachConfigDedicated corresponds to RACH attempt with multiple PRACH transmissions or RACH attempt with single PRACH transmission. UE accordingly can apply the appropriate random access configuration
Random Access Response Reception
RAN1 has agreed that for multiple PRACH transmissions with same Tx beam, only one RAR window is supported for RAR monitoring for one RACH attempt. For the start of RAR window, RAN1 has not yet made any conclusion. Some of the options that can be considered are as follows:

· Option 1: RAR window starts at the first available PDCCH monitoring occasion which is at least one symbol away from the end of PRACH occasion in which first PRACH transmission is performed by UE.

· Option 2: RAR window starts at the first available PDCCH monitoring occasion which is at least one symbol away from the end of PRACH occasion in which last PRACH transmission is performed by UE.

The advantage of option 1 is that RAR can be sent/receive by gNB/UE early i.e. before the completion of all PRACH transmissions of a PRACH attempt. In this case UE can terminate the pending PRACH transmissions. One drawback of option 1 is that gNB may have less time to respond for last PRACH transmission. However, this drawback can be overcome by configuring the RAR window large enough.

Proposal 11: In case RAR window starts at an offset from the end of PRACH occasion in which first PRACH transmission is performed by UE, upon reception of RAR, UE terminates the pending PRACH transmissions (if any) of a PRACH attempt.
if RAR window starts at an offset from the end of PRACH occasion in which first PRACH transmission is performed by UE, large RAR window would be needed to account for processing time needed to process the subsequent PRACH transmissions. Due to large RAR window, RA-RNTI ambiguity can occur i.e. two UEs using different RACH occasions may have an overlapping RAR window in which they both monitor the same RA-RNTI. An example of RA-RNTI ambiguity is shown in Figure 1 below. RAR window size is 13 ms assuming 10ms of response time for last PRACH transmission. To resolve RA-RNTI ambiguity, solution adopted in NR-U can be reused.
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Figure 1

Proposal 12: In case RAR window starts at an offset from the end of PRACH occasion in which first PRACH transmission is performed by UE, upon reception of RAR, RAR window size larger than 10ms is needed. NR-U solution is reused to resolve RA-RNTI ambiguity.
Since RA-RNTI is PRACH occasion specific and UE uses multiple PRACH occasions for multiple PRACH transmissions within a PRACH attempt, UE should monitor multiple RA-RNTIs during the RAR window.

Proposal 13: For RACH attempt with multiple PRACH transmissions, UE monitors multiple RA-RNTIs in the RAR window, each RA-RNTI corresponds to PRACH occasion used by UE for PRACH transmission.
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposal:
Proposal 1: UL carrier selection mechanism is not impacted by PRACH coverage enhancements (i.e. one RACH attempt with multiple PRACH transmissions). Legacy UL carrier selection mechanism is re-used.
Proposal 2: BWP selection mechanism is not impacted by PRACH coverage enhancements. Legacy BWP selection mechanism is re-used.
Proposal 3: RA type selection mechanism is not impacted by PRACH coverage enhancements. Legacy RA type selection mechanism is re-used.
Proposal 4: If the RSRP of the downlink pathloss reference is less than a threshold (configurable), UE prioritizes selection of RA resource configuration for multiple PRACH transmissions within a RACH attempt over RA resource configuration for single PRACH transmission in a RACH attempt without Msg3 repetitions.

Proposal 5: RAN2 to discuss whether UE is allowed to select between random access resources for multiple PRACH transmissions and single PRACH transmission at the beginning of each RA attempt.
Proposal 6: For the case network supports both Msg3 repetitions and multiple PRACH transmissions, RAN2 to discuss whether network can configure within the same BWP, both a) legacy 4 step RA resources (i.e. for single PRACH transmission in a RACH attempt) with Msg3 repetitions and b) 4 step RA resources for multiple PRACH transmissions within a RACH attempt or should network configure a single random access configuration with both multiple PRACH transmissions and msg3 repetitions or should network configure only one of them.

Proposal 7: For RACH attempt with multiple PRACH transmissions, UE select only one SSB as in legacy.
Proposal 8: For RACH attempt with multiple PRACH transmissions, UE select only RA preamble corresponding to selected SSB as in legacy.
Proposal 9: For RACH attempt with multiple PRACH transmissions, UE select multiple consecutive Ros (amongst the valid ROs) corresponding to selected SSB.
Proposal 10: Network can indicate whether 4 step CFRA resources configured in rachConfigDedicated corresponds to RACH attempt with multiple PRACH transmissions or RACH attempt with single PRACH transmission. UE accordingly can apply the appropriate random access configuration.
Proposal 11: In case RAR window starts at an offset from the end of PRACH occasion in which first PRACH transmission is performed by UE, upon reception of RAR, UE terminates the pending PRACH transmissions (if any) of a PRACH attempt.
Proposal 12: In case RAR window starts at an offset from the end of PRACH occasion in which first PRACH transmission is performed by UE, upon reception of RAR, RAR window size larger than 10ms is needed. NR-U solution is reused to resolve RA-RNTI ambiguity.

Proposal 13: For RACH attempt with multiple PRACH transmissions, UE monitors multiple RA-RNTIs in the RAR window, each RA-RNTI corresponds to PRACH occasion used by UE for PRACH transmission.
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