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Background
According to the WID approved in [1], RAN1 is tasked to specify SBFD operation to support random access in SBFD symbols by UEs in RRC CONNECTED mode. Furthermore, RAN1 is tasked to study if SBFD operation to UEs in RRC_IDLE/INACTIVE mode is justified until RAN#104.
	· Specify SBFD operation to support random access in SBFD symbols by UEs in RRC CONNECTED mode [RAN1, RAN2]
· Study and specify, if justified, SBFD operation to UE in RRC_IDLE/INACTIVE mode for random access [RAN1, RAN2]
· RAN#104 to check whether to proceed normative work



Motivation to support random access in SBFD symbols
In [1], motivation to support random access in SBFD symbols is shown. If DDDSU is used in the mid-band TDD using 30 kHz SCS, long PRACH format is not applicable due to the uplink duration. To solve this problem, continuous time domain uplink resource in UL subbands is utilized which supports longer PRACH format.
Therefore, considering the motivation to introduce random access operations in SBFD symbols, a separate PRACH resource is required from the one shared with non-SBFD aware UEs.
Proposal 1: A separate PRACH resource is required from the one shared with non-SBFD aware UEs.
Scope of the WI
According to TS38.300 [2], 13 use cases of random access has been specified. Table 1 shows supported random access mode (i.e., CFRA or CBRA) for use cases in RRC_CONNECTED mode respectively.
Most of use cases in RRC_CONNECTED mode supports at least CFRA. We believe that CFRA should at least be specified for RRC_CONNECTED mode. On the other hand, UL data arrival and SR failure use cases only supports CBRA. Those are also important use cases to reduce UL latency. Therefore, we propose the following.
Proposal 2: Support CBRA as well as CFRA for UEs in RRC_CONNECTED mode.
From RAN1 perspective, there are no big differences in CBRA procedures between RRC_CONNECTED and RRC_IDLE mode. The difference is only in the form of msg4. In some cases (e.g., initial access), the msg4 is a PDSCH scheduled by a PDCCH with TC-RNTI, and in other cases (e.g., scheduling request), the msg4 is a PDCCH for scheduling a PUSCH. All other procedures are shared among them. Therefore, from RAN1 perspective, CBRA can be supported in RRC_IDLE mode as well as in RRC_CONNECTED mode.
Observation 1: From RAN1 perspective, CBRA can be supported in RRC_IDLE mode as well as in RRC_CONNECTED mode.
Table 1: Supported random access mode for use cases in RRC_CONNECTED mode
	Use cases in RRC_CONNECTED mode
	CFRA
	CBRA

	RRC Connection Re-establishment procedure
	Supported
	Supported

	DL or UL data arrival, during RRC_CONNECTED or during RRC_INACTIVE while SDT procedure (see clause 18.0) is ongoing, when UL synchronisation status is "non-synchronised"
	Supported for DL data arrival
	Supported

	UL data arrival, during RRC_CONNECTED or during RRC_INACTIVE while SDT procedure is ongoing, when there are no PUCCH resources for SR available
	Not supported
	Supported

	SR failure
	Not supported
	Supported

	Request by RRC upon synchronous reconfiguration (e.g. handover)
	Supported
	Supported

	To establish time alignment for a secondary TAG
	Supported
	Not supported



SBFD operation to support random access in SBFD symbols by UEs in RRC_CONNECTED mode
1.1. CFRA
For CFRA, SBFD subbands for RRC_CONNECTED mode is available. Therefore, CFRA on SBFD subbands does not require any additional signalling for indicating SBFD subbands. 
Non-SBFD aware UEs determines valid PRACH resources based on the common TDD configuration. For example, the non-SBFD aware UEs will not validate any PRACH resources on the legacy DL symbols determined by the common TDD configuration. If UL subbands are mapped on DL symbols, the UE will invalidate any PRACH occasions in the UL subbands, based on the existing validation procedure. Therefore, new validation procedures are necessary. One straightforward way is to assume PRACH occasions in a UL subband as valid irrespective of the common TDD configuration.
Proposal 3: Support validating PRACH occasions in a UL subband irrespective of the common TDD configuration.
There are two options of configuring PRACH resource. One option is to share PRACH resource configuration for non-SBFD aware UEs and SBFD aware UEs. The other option is to provide dedicated PRACH resource configuration for SBFD aware UEs.
Figure 1 shows an example PRACH resource configuration shared by non-SBFD aware UEs and SBFD aware UEs. The horizontal axis represents subframe and slot index in 30 kHz SCS. The vertical axis represents frequency domain. The arrows above represent common TDD configurations. The blue part represents DL regions including DL subbands in the subframe 3 and 8. The orange part represents UL regions including UL subbands in the subframe 3 and 8. The red boxes represents the candidate PRACH occasions with PRACH format 0, with PRACH configuration index 24 (PRACH occasions in subframe 3, 4, 8, and 9) in Table 6.3.3.2-3. Assuming that the PRACH resource configuration is shared by non-SBFD aware UEs and SBFD aware UEs, the non-SBFD aware UEs validates PRACH occasions 2, 3, 6, and 7 whereas the SBFD-aware UEs validates all the PRACH occasions, which leads to inconsistent SSB mapping for the non-SBFD and SBFD aware UEs. If the number of SSBs is 4, SSB index 0 is mapped to PRACH occasion#2 for the non-SBFD aware UEs while SSB#0 is mapped to PRACH occasion#0 and 4. However, this configuration is not useful because only SSB index 2 and 3 can be mapped to PRACH with the PRACH configuration. Therefore, in this example, at most two SSBs should be considered. When the number of SSBs is at most two, SSB-to-PRACH occasion mapping is the same in the non-SBFD aware UEs and SBFD aware UEs. From technical perspective, shared PRACH resource configuration does not have a big issue.
On the other hand, the motivation of supporting random-access in the SBFD subbands is for supporting longer PRACH formats in a specific scenario. From motivation perspective, shared PRACH resource configuration is not appropriate. We propose the following prioritization.
Proposal 4: Shared PRACH resource configuration among non-SBFD and SBFD aware UEs are at least not prioritized in Rel-19 duplex evolution.


The second option is a dedicated PRACH resource configuration for the SBFD aware UEs. The dedicated PRACH resource configuration can support longer PRACH formats than those for the non-SBFD aware UEs. Furthermore, since the concerned CFRA is for RRC_CONNECTED UEs, the configuration can be provided in UE-specific signaling. 
Proposal 5: Support an additional PRACH resource configuration for the SBFD aware UEs.
Selection of PRACH in two PRACH resource configurations
If a dedicated PRACH resource configuration is supported for the SBFD aware UEs, they hold two PRACH resource configurations (i.e., the legacy PRACH resource configuration and the dedicated PRACH resource configuration). When the UE is triggered CFRA, it needs to select one of them based on a predefined rule. There would be several options as examples like follows:
1) Based on RSRP threshold
2) Indication from the BS
3) Always use the dedicated PRACH resource configuration
Option 1 is similar with the legacy procedure introduced in Rel-16 or Rel-17 to select PRACH resource configuration, e.g., for 2-step RACH or RACH partitioning. This option also fits into the selection of PRACH resource configuration from the legacy and the dedicated PRACH resource configurations for the SBFD aware UEs. For example, if the RSRP is below a threshold, the UE can select the dedicated PRACH resource configuration for the SBFD aware UEs. Otherwise, the UE can select the legacy PRACH resource configuration because coverage is considered no issues.
Option 2 is also possible for CFRA. Option 2 gives the BS full control. For example, in a case of a PDCCH ordered CFRA, the BS can indicate which PRACH resource configuration the UE should use in its DCI format 1_0. The DCI format 1_0 in a case of PDCCH order has a plenty of reserved bits, and thus 1 or 2 bits can be inserted easily. In another example of handover, the BS can indicate which PRACH resource configuration the UE should use in its handover command. 
Option 3 is a simple option, although the other options should be better in terms of resource flexibility.
In the early stage of the WI, we don’t think we need to conclude with one option. We suggest discussing the issue and options.
Proposal 6: RAN1 studies how to handle two PRACH resource configurations of the legacy and dedicated PRACH resource configurations when CFRA is triggered for SBFD aware UEs. The following options can be considered.
1) Selection based on RSRP threshold
2) Indication of the used PRACH resource configuration from the BS
3) SBFD aware UEs always use the dedicated PRACH resource configuration
Resource allocation of PUSCH scheduled by RAR UL grant
Even in CFRA, resource allocation of a PUSCH scheduled by RAR UL grant follows CBRA procedures. Specifically, frequency domain resource allocation and frequency hopping are common in CFRA and CBRA. In the common frequency domain resource allocation and frequency hopping determination, the size of the BWP  is referred to determine bit width of the field. 
Because the available resource blocks in the UL subband are continuous and are a subset of the full BWP, the frequency domain resource allocation works without any change to the bit width even when the PUSCH is scheduled in the SBFD subband. On the other hand, frequency hopping needs discussion. In some configurations, the hopping offset determined by  exceeds the UL subband. 
For example, in a case of  and ,  and  are obtained for the frequency hopping offset, which exceeds the bandwidth of the UL subband . Therefore, when the PUSCH scheduled by RAR is in the UL subband, frequency hopping offset should be revisited.
Overall, we think that random-access latency should be reduced by allowing the PUSCH scheduled by RAR in the UL subband. We support the following.
Proposal 7: Support PUSCH scheduled by RAR in the UL subband for CFRA.
1.2. CBRA
The discussion in CFRA is applicable to CBRA in RRC_CONNECTED mode. Therefore, we will discuss the CBRA-specific items in this section.
Msg3 repetition was introduced in the context of coverage enhancement. Supporting msg3 repetition in UL subbands will further reduce the random-access latency. Therefore, we support,
Proposal 8: Support msg3 repetition in UL subbands. 
Conclusion
In this contribution, we have the following observation:
Observation 1: From RAN1 perspective, CBRA can be supported in RRC_IDLE mode as well as in RRC_CONNECTED mode.
In this contribution, we have the following proposals:
Proposal 1: A separate PRACH resource is required from the one shared with non-SBFD aware UEs.
Proposal 2: Support CBRA as well as CFRA for UEs in RRC_CONNECTED mode.
Proposal 3: Support validating PRACH occasions in a UL subband irrespective of the common TDD configuration.
Proposal 4: Shared PRACH resource configuration among non-SBFD and SBFD aware UEs are at least not prioritized in Rel-19 duplex evolution.
Proposal 5: Support an additional PRACH resource configuration for the SBFD aware UEs.
Proposal 6: RAN1 studies how to handle two PRACH resource configurations of the legacy and dedicated PRACH resource configurations when CFRA is triggered for SBFD aware UEs. The following options can be considered.
1) Selection based on RSRP threshold
2) Indication of the used PRACH resource configuration from the BS
3) SBFD aware UEs always use the dedicated PRACH resource configuration

Proposal 7: Support PUSCH scheduled by RAR in the UL subband for CFRA.
Proposal 8: Support msg3 repetition in UL subbands. 
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