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Introduction
In previous RAN1 meeting, several issues are opened as shown below.
	For future meetings:
In RAN1#116bis meeting, at least the following issues will be discussed:
· Whether to support random access in SBFD symbols for UEs in RRC_IDLE/INACTIVE mode
· Details of the two options for configuring ROs for SBFD aware UEs in RRC CONNECTED mode, including RO validation rules, SSB-RO mapping rules, whether/how to allow SBFD aware UE and non-SBFD aware UE to use different PRACH preamble formats.
· Whether/how to support separate PRACH power control parameters configuration in SBFD symbols and non-SBFD symbols.
· Whether/how to enhance the existing random access configuration tables for unpaired spectrum
Whether/how to support PRACH repetition


[bookmark: P3]In this contribution, we discuss on SBFD random access operation in both RRC_IDLE/INACTIVE and RRC_CONNECTED. Regarding random access operation in RRC_CONNECTED mode, we focus on details of RO configurations for SBFD aware UEs and separate PRACH power control parameters configuration in SBFD symbols and non-SBFD symbols. In addition, we also deal with issues of random access in SBFD symbols for UEs in RRC_IDLE/INACTIVE mode.
RACH configuration in SBFD operation
Analysis and solution to RACH configuration for SBFD aware UEs
In the last meeting, details of RACH configuration enhancement for SBFD aware UEs in RRC CONNECTED mode are decided to be discussed for future meetings as shown in Section 1. In this section, we describe some issues of RACH configuration for SBFD operation caused by using non-SBFD aware RACH configuration without any modification to clarify what is required enhancement and/or additional RACH configuration, and show directions to solve those issues.
	The first issue is that different SSB indexes are mapped in one RO between SBFD aware UE and non-SBFD aware UE. Figure 1 shows an example of the common RACH configuration. Assuming that three ROs, say RO#1, RO#2 and RO#3, are configured on both UL subband and UL only symbols with one RACH configuration, each RO is corresponding to an SSB. It is noteworthy that an SBFD-aware UE can recognize all of three ROs, but a non-SBFD aware UE can recognize only RO#3 configured on UL only symbol. 
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Figure 1. RO configuration on UL subband and UL only symbol
Each UE performs SSB-to-RO mapping onto its own ROs, that is, the SBFD-aware UE will map as [(SSB#0-RO#1), (SSB#1-RO#2), (SSB#2-RO#3)] and the non-SBFD aware UE will map as [(SSB#0-RO#3)]. In this case, there is a critical issue that the RO#3 is associated with different SSB index for each UE, that is, the SBFD-aware UE maps SSB#2 while the non-SBFD aware UE maps SSB#0 on RO#3, respectively. From the viewpoint of the gNB, it causes difficulties for reception of PRACH in terms of selection of beam.
The second issue is that it is difficult to distinguish whether PRACH transmissions are from SBFD aware UEs or not when the RO is shared by SBFD and non-SBFD aware UEs. As an example in Fig.1 case, RO#3 is shared by SBFD and non-SBFD aware UEs. Because SBFD and non-SBFD aware UEs select PRACH preamble from the common preamble set, gNB cannot distinguish whether PRACH transmission is from SBFD or non-SBFD aware UEs, which disables gNB to use UL subband for subsequent msg2, msg3 and msg4 procedures which is specific to SBFD aware UEs.
The third issue is that the starting RB of ROs is restricted within UL subband even if ROs are in non-SBFD symbols, which decreases flexibility of RO configuration. In addition, frequency resource of PUSCH on non-SBFD symbols cannot be allocated continuously due to the ROs, and therefore resource allocation may be restricted so as not to overlap ROs which is configured within the bandwidth of UL subband.

Observation 1: For RO configuration, if single PRACH configuration without any enhancement is given for SBFD and non-SBFD aware UEs, the potential issues are listed as shown below:
· Issue 1) Valid ROs are different among SBFD & non-SBFD UEs, which may cause different SSB index mapping to one RO between SBFD and non-SBFD aware UEs.
· Issue 2) It is difficult for gNB to distinguish whether PRACH transmissions are from SBFD aware UEs or not if ROs and PRACH preamble are same between SBFD and non-SBFD aware UEs. 
· Issue 3) The starting RB of ROs should be set within UL subband so that ROs in SBFD symbols become valid ROs for SBFD aware UEs.

Based on above analysis, the single PRACH configuration anyhow requires enhancements and/or additional parameters to configure ROs in SBFD symbols as following. The first enhancement is that SBFD aware UEs are configured different RACH parameters, for example, different starting RB of RO,  so as not to use ROs for non-SBFD aware UEs. In this case, the additional ROs are configured for SBFD aware UE by the different RACH parameters, and the legacy ROs are precluded by RO validation for SBFD UE. This enhancement can cope with above Issue 1, 2 and 3 because if valid ROs are separated between SBFD and non-SBFD UEs, there is no RO where different SSB index is mapped for SBFD and non-SBFD aware UEs, therefore gNB can recognize whether SBFD aware UEs transmit PRACH or not according to the resource of ROs, and starting RB of RO which is outside of UL subband can be configured for non-SBFD aware UEs.
The second enhancement is to change RO validation rule for SBFD UEs so as not to overlap ROs between SBFD and non-SBFD aware UEs. In Fig.1, we assumed that RO#3 is shared by SBFD and non-SBFD aware UEs. If we change RO validation rule for SBFD UEs not to use ROs that are recognizable by non-SBFD aware UEs, valid ROs for SBFD aware UEs are determined to RO#0 and RO#1, and valid ROs for non-SBFD aware UEs are determined to RO#3. This enhancement provides the solution of Issue 1 and 2.
The third enhancement is to introduce new SSB-to-RO mapping rule. If different SSB indexes are mapped on one RO by both SBFD awre UE and non-SBFD aware UE, the SBFD aware UE maps the same SSB index with that of non-SBFD aware UE. For example, for RO#3 in Figure 1, SSB#2 is mapped for SBFD aware UEs whereas SSB#0 is mapped for non-SBFD aware UEs. If SSB#0 is mapped to RO for SBFD aware UEs, the same SSB index is mapped on the RO#3 between SBFD and non-SBFD aware UEs, which solves Issue 1.

Observation 2: There are three potential options to solve above issues caused by using single PRACH configuration without any modification.
· Option 1: Change RO validation rule to separate valid ROs between SBFD and non-SBFD aware UEs. It is achieve by, for example, excluding ROs which is commonly configured to non-SBFD aware UEs from ROs for SBFD aware UEs.
· Option 2: Introduce new SSB-to-RO mapping rule, for example, applying the same SSB index with non-SBFD aware UE to RO(s) which is shared among SBFD and non-SBFD aware UEs.
· Option 3: Use different PRACH parameters including start frequency position of RO and PRACH preamble set between SBFD and non-SBFD aware UEs.

Since Option 1 in above Observation 2 excludes ROs in non-SBFD symbols from valid ROs for SBFD aware UEs, valid ROs for SBFD aware UEs are restricted to ROs in SBFD symbols, where gNB-to-gNB CLI is larger than valid ROs in non-SBFD symbols. Hence PRACH reception performance of SBFD aware UEs may be less than that of non-SBFD aware UEs. Regarding Option 2 in Observation 2, it cannot solve the Issue 2) in Observation 1. It seems to be required to modify RACH parameters configured by higher layer parameters.

Observation 3: Single RACH configuration have problems even if additional rules such as new valid RO rules and SSB-to-RO mapping rules are applied. Modification of PRACH parameters configured by higher layer parameters for SBFD aware UEs seems to be required. We need to clarify which PRACH parameters should be modified for SBFD aware UEs.
PRACH power control in SBFD symbols
As a FL guidance for this meeting, the separate power control for PRACH transmission was raised as shown in Section 1 in this contribution. For PRACH transmission on SBFD symbols, a gNB may be difficult to handle UE-UE CLI because the PRACH transmission power is derived based on the pathloss measurement results rather than indication. Accordingly, if the PRACH transmission power is relatively high, then the PRACH transmission may affect the UE who receives DL in adjacent DL subband. In this aspect, one of candidate solutions is to reduce the maximum PRACH transmission power which is lower than that of non-SBFD symbol. By applying this solution, the gNB can avoid occurring larger UE-UE CLI in SBFD symbols compared with situation of not applying this solution. 

Observation 4: The lower maximum PRACH transmission power on SBFD symbol can alleviate occurring severe UE-UE CLI.

Having said that, the gNB can roughly control the PRACH transmission power by using preambleReceivedTargetPower where the parameter is used as initial value of the PRACH transmission power. As the cell-wise configuration, the gNB can alter the value of preambleReceivedTargetPower only for SBFD UEs when the CLI from SBFD UEs is severe. Of course, the parameter is included in the SIB1, and thus the gNB seldom changes the value, however, the gNB can perform coarse CLI handling based on its historical statistics of CLI occurrence. 

Observation 5: To have separate configuration of preambleReceivedTargetPower for SBFD symbols from non-SBFD symbol can help gNB to perform coarse CLI handling.
Based on this analysis, we propose that it is beneficial to have separate configuration/parameter of maximum PRACH transmission power and preambleReceivedTargetPower to mitigate the CLI. 

Proposal 1: It is beneficial to have separate configuration/parameter of maximum PRACH transmission power and preambleReceivedTargetPower to mitigate the CLI.

PRACH Repetition in SBFD Symbols
In Rel-18, the PRACH repetition procedure has been standardized to cover wide coverage of PRACH. In order to transmit the PRACH repetitively, {2, 4, 8} ROs are bundled to form an RO group. Also, the RO group consists of the ROs whose starting RB is same. For the application of PRACH repetition to random access in SBFD operation, however, we should firstly determine whether/how to use ROs in UL only symbols to be configured for SBFD aware UE. This is because the grouping method varies depending on those RO usage so that UE can determine whether the ROs in UL only symbols is included in the RO group or not.
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Figure 2. RO configuration in (a) SBFD symbol only and (b) SBFD and non-SBFD symbol
Figure 2 shows two example cases that (a) valid ROs exist in SBFD symbol only and (b) valid ROs exist in both SBFD and non-SBFD symbols. For example, if an RO group consists of two ROs, then the ROs to be included in the RO group will be different between case (a) and case (b), that is, case (a) has RO groups with {RO1, RO2}, {RO3, RO4} and {RO5, RO6} while case (b) has RO groups with {RO1, RO2}, {RO3, RO4}, {RO5, RO6} and {RO7, RO8}, respectively. Based on this fact, we propose to defer the discussion about whether/how to apply the PRACH repetition in SBFD operation after decision whether the ROs configured in UL only symbols for SBFD UE can be used or not.

Proposal 2: Defer the discussion about whether/how to apply the PRACH repetition in SBFD operation after decision whether the ROs configured in UL only symbols for SBFD UE can be used or not.
[bookmark: Proposal1]SBFD operation in RRC_IDLE / INACTIVE state
In previous RAN1 meeting, benefits and concerns about SBFD operation in RRC_IDLE / INACTIVE state were captured as shown below.
	Conclusion
If PRACH is allowed in SBFD symbols for SBFD-aware UEs in RRC_IDLE/INACTIVE mode, RAN1 observed the following:
· The benefits include at least one or more of the following:
· reduced random access latency
· reduced PRACH collision probability or allowing more contiguous frequency resources for PUSCH in UL slots
· improved coverage of PRACH with sparse UL resources
· increased cell range of PRACH with sparse UL resources
PRACH transmissions in UL subband in SBFD symbols may cause UE-to-UE CLI (similar to the case of RRC connected mode UEs) for some deployment scenarios. Initial studies based on two companies’ evaluation results, the DL performance degradation due to UE-to-UE CLI caused by PRACH transmission in SBFD symbols is not significant for indoor office scenario and Urban Macro scenario


In this contribution, behaviors of SBFD aware UE in RRC_IDLE / INACTIVE state are discussed in terms of signaling aspects including frequency and time indication of SBFD subbands and link direction. In addition, concerns about overlapping of CORESET0 and UL subband during initial access procedure is also discussed.
SBFD configuration on RRC_IDLE / INACTIVE state
	Agreement
For SBFD operation at least for RRC_CONNECTED state, it is agreed that SBFD operation Alt 4 is the baseline.
· SBFD operation Alt 4:
· Both time and frequency locations of subbands for SBFD operation are known to SBFD aware UEs. 
· UE behaviors for non-SBFD aware UEs follow existing specifications.
From RAN1 perspective, new UE behaviors can be introduced for SBFD aware UEs based on the time and frequency locations of subbands for SBFD operation.


In RAN1#110b meeting, we made an agreement that both time and frequency locations of subbands for SBFD operation are known to SBFD aware UEs at least for RRC_CONNECTED state. However, we need to discuss whether such locations for SBFD operation are known to SBFD aware UEs for RRC_IDLE/INACTIVE state. For the time locations of subbands, it is required to determine the valid RO. For example, assuming that the slot format is [DDDFU] and the UL subband is configured on the slots from second to fourth slot (i.e., DXXXU). If the ROs are configured in every slot, then the ROs configured in X and U slots are valid while the ROs configured in D are invalid based on the time locations of subbands.
On the other hand, one may say that the frequency location information is not needed for the SBFD-aware UE in RRC_IDLE state. This is because the gNB can implicitly guarantee that the frequency resources of uplink transmission using UL subband is located within the UL subband such as RACH occasion or Msg.3 FDRA. Having said that, such gNB’s guarantee requires additional standardization efforts. For instance, if the frequency location of subband is not known to SBFD-aware UE, RO is configured on the nominal DL slot which is indicated as SBFD symbol by time location. The UE behaviour on the nominal DL slot should be defined additionally. Alternatively, the gNB simply indicates the frequency location of subbands to the SBFD-aware UE. This direct indication is more efficient way rather than the implicit indication. 

Proposal 3: Both time and frequency locations of subbands for SBFD operation are also known to the SBFD aware UE in RRC_IDLE/INACTIVE state.

Based on our analysis, now the further question is that how to indicate the time and frequency locations to SBFD-aware UE in RRC_IDLE/INACTIVE state. We have only a few choices for the indication such as MIB or SIB. As well-known fact, the MIB has no room to carry the indication. Then, rest options are SIB1 or other system information rather than SIB1. As the SBFD configuration is strongly related with the slot format indication carried by TDD-UL-DL-ConfigCommon in SIB1, it is beneficial to indicate the time and frequency locations of subbands for operation by SIB1.

Proposal 4: The SBFD configuration for time and frequency resources can be provided by SIB1.

In RRC_CONNECTED state, the gNB can indicate the transmission direction to the UE with several methods such as direct signalling with scheduling/non-scheduling DCI or semi-static indication. Similarly, the transmission direction for msg1/2/3/4 in RRC_IDLE/INACTIVE state can be designated by same manner with RRC_CONNECTED. At this point, the random access procedure of msg2/3/4 is directly controlled by the gNB, and the msg1 should be transmitted only on the UL resources. It means, the transmission direction indication is not required in RRC_IDLE/INACTIVE state, but it can be determined according to the random access procedure, naturally. 

Observation 6: The transmission direction of the UE in RRC_IDLE state is deterministic that Msg1 by valid RO and Msg2/3/4 by gNB’s scheduling.

Proposal 5: For SBFD aware UE in RRC_IDLE/INACTIVE state, gNB does not have to separately indicate the transmission direction of Msg1/2/3/4 on SBFD symbols.
CORESET0 overlapping with UL subband
In study item phase, there were several discussions about channel overlapping with UL subband. If SBFD operation in RRC_IDLE/INACTIVE is supported, then the overlapping CORESET0 with UL subband in time and frequency domain should be considered. We can consider three cases for the overlapping as shown in Fig.3. 
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Figure 3. CORESET0 overlapping with UL subband. (a) The RBs of CORESET0 are excluded, (b) The RBs of UL subband are excluded, (c) UL subband is configured in the resources not overlapping with CORESET0.
Figure 3 (a) shows that the UL subband is prioritized, and as a result, the usable PRBs of CORESET0 are reduced. As defined in TS38.213, the CORESET0 bandwidth can be set with three kinds of bandwidth such as 24PRBs (4CCEs), 48PRBs (8CCEs) and 96PRBs (16CCEs). Moreover, the search space in random access procedure is common search space (CSS) where the aggregation level is set from AL4. Based on this fact, if the frequency resources of CORESET0 overlapping with UL subband are skipped/punctured/excluded as shown in Fig.3 (a), the performance of PDCCH transmitted on CSS will significantly decrease. For the worst case, the PDCCH cannot be mapped to the CORESET0. Hence, it is beneficial to protect the frequency resources of CORESET0 from the overlapping case. As a solution, we can consider two cases of UL subband configuration as shown in Fig.3 (b) and (c). In Fig.3 (b), the UL subband is not configured in the resources overlapping with CORESET0. Consequently, the CORESET0 performance is guaranteed, but the number of transition point increases. We can consider another alternative that the UL subband is not overlapped with CORESET0 in frequency domain as shown in Fig3 (c). In this case, the position and the resources of UL subband in frequency domain are restricted.
Alternatively, the gNB can configure the CORESET0 which is not overlapping with UL subband in time and frequency domain. In this case, however, it affects severe configuration restriction, and thus we prefer to preclude such case. 

Proposal 6: Study further the case that the UL subband is overlapping with CORESET0 in time and frequency domain.
Conclusion
In this contribution, we provide our views as below.

Observation 1: For RO configuration, if single PRACH configuration without any enhancement is given for SBFD and non-SBFD aware UEs, the potential issues are listed as shown below:
· Issue 1) Valid ROs are different among SBFD & non-SBFD UEs, which may cause different SSB index mapping to one RO between SBFD and non-SBFD aware UEs.
· Issue 2) It is difficult for gNB to distinguish whether PRACH transmissions are from SBFD aware UEs or not if ROs and PRACH preamble are same between SBFD and non-SBFD aware UEs. 
· Issue 3) The starting RB of ROs should be set within UL subband so that ROs in SBFD symbols become valid ROs for SBFD aware UEs.

Observation 2: There are three potential options to solve above issues caused by using single PRACH configuration without any modification.
· Option 1: Change RO validation rule to separate valid ROs between SBFD and non-SBFD aware UEs. It is achieve by, for example, excluding ROs which is commonly configured to non-SBFD aware UEs from ROs for SBFD aware UEs.
· Option 2: Introduce new SSB-to-RO mapping rule, for example, applying the same SSB index with non-SBFD aware UE to RO(s) which is shared among SBFD and non-SBFD aware UEs.
· Option 3: Use different PRACH parameters including start frequency position of RO and PRACH preamble set between SBFD and non-SBFD aware UEs.

Observation 3: Single RACH configuration have problems even if additional rules such as new valid RO rules and SSB-to-RO mapping rules are applied. Modification of PRACH parameters configured by higher layer parameters for SBFD aware UEs seems to be required. We need to clarify which PRACH parameters should be modified for SBFD aware UEs.

Observation 4: The lower maximum PRACH transmission power on SBFD symbol can alleviate occurring severe UE-UE CLI.

Observation 5: To have separate configuration of preambleReceivedTargetPower for SBFD symbols from non-SBFD symbol can help gNB to perform coarse CLI handling.
Observation 6: The transmission direction of the UE in RRC_IDLE state is deterministic that Msg1 by valid RO and Msg2/3/4 by gNB’s scheduling.

Proposal 1: It is beneficial to have separate configuration/parameter of maximum PRACH transmission power and preambleReceivedTargetPower to mitigate the CLI.

Proposal 2: Defer the discussion about whether/how to apply the PRACH repetition in SBFD operation after decision whether the ROs configured in UL only symbols for SBFD UE can be used or not.

Proposal 3: Both time and frequency locations of subbands for SBFD operation are also known to the SBFD aware UE in RRC_IDLE/INACTIVE state.

Proposal 4: The SBFD configuration for time and frequency resources can be provided by SIB1.

Proposal 5: For SBFD aware UE in RRC_IDLE/INACTIVE state, gNB does not have to separately indicate the transmission direction of Msg1/2/3/4 on SBFD symbols.

Proposal 6: Study further the case that the UL subband is overlapping with CORESET0 in time and frequency domain.
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