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Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]In RAN #102, a new Rel-19 work item on evolution of NR duplex operation (SBFD) was approved [1]. The objective of the work item is to specify SBFD related operation. Detailed objectives related to RAN1 random access operation are listed as follows:
	· For subband non-overlapping full duplex (SBFD) operation at gNB side within a TDD carrier:
· 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 



In this contribution, we discuss SBFD random access operation.
Discussion
CBRA and CFRA
For UEs in RRC CONNECTED mode, there are the following cases which may trigger a random access procedure:
1. DL or UL data arrival when UL synchronisation status is "non-synchronised";
2. UL data arrival, when there are no PUCCH resources for SR available;
3. Request for Other SI;
4. Beam failure recovery;
5. Positioning purpose requiring random access procedure, e.g., when timing advance is needed for UE positioning;
6. PDCCH order.
It can be known that both CBRA and CFRA are involved in the above cases. Thus, from our perspective, we think both CBRA and CFRA are within the scope and need to be considered.
Proposal 1: Both CBRA and CFRA are within the scope and need to be considered for SBFD operation.
PRACH resouce configuration
For PRACH resource configuration, there are several issues to be discussed as follows:
Issue #1: how to configure RO on SBFD symbols?
Based on current PRACH configuration mechanism, RO in time domain can be configured by: RACH-ConfigDedicated or RACH-ConfigCommon->RACH-ConfigGeneric->prach-ConfigurationIndex, where one of 256 entries can be indicated from a PRACH configuration table and all of needed time domain information as well as PRACH format can be known. Within the PRACH configuration table, it can be seen that there are abundant of PRACH configuration patterns, we think it already provides enough flexibility. For unpaired spectrum, although there are few indexes involve subframe #0, e.g., 1 or 2 indexes for each preamble format, there are some indexes involve subframe #1,2,3. Thus from latency point of view, we think current entries are also enough, there is no need to consider new entries. RO in frequency domain can be configured by msg1-FDM and msg1-FrequencyStart, we think this part can also be reused. In summary, we think current PRACH configuration mechanism can be reused for SBFD.
Proposal 2: Existing PRACH configuration mechanism and PRACH configuration table can be reused to configure the RO for SBFD random access procedure.
Amongst the configured ROs, RO validation rule needs to be considered. Current validation rule is copied from TS 38.213 for reference:
	For unpaired spectrum, 
-	if a UE is not provided tdd-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if it does not precede a SS/PBCH block in the PRACH slot and starts at least  symbols after a last SS/PBCH block reception symbol, where  is provided in Table 8.1-2 and, if channelAccessMode = "semiStatic" is provided, does not overlap with a set of consecutive symbols before the start of a next channel occupancy time where the UE does not transmit [15, TS 37.213].
-	the candidate SS/PBCH block index of the SS/PBCH block corresponds to the SS/PBCH block index provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon, as described in clause 4.1
-	If a UE is provided tdd-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if 
-	it is within UL symbols, or 
-	it does not precede a SS/PBCH block in the PRACH slot and starts at least  symbols after a last downlink symbol and at least  symbols after a last SS/PBCH block symbol, where  is provided in Table 8.1-2, and if channelAccessMode = "semiStatic" is provided, does not overlap with a set of consecutive symbols before the start of a next channel occupancy time where there shall not be any transmissions, as described in [15, TS 37.213]
-	the candidate SS/PBCH block index of the SS/PBCH block corresponds to the SS/PBCH block index provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon, as described in clause 4.1.



To enable PRACH transmission on SBFD symbols, the validation rule needs to be modified, valid ROs within SBFD symbols also needs to be considered.
Proposal 3: Current RO validation rule needs to be modified to include valid ROs within SBFD symbols.
Issue #2: whether to use separate PRACH configurations for SBFD operation?
From our perspective, we prefer shared PRACH configuration, but we are open to discuss separate PRACH configurations. Our main concern is that there are already some features which can configure separate ROs, e.g., multiple PRACH, 2-step RACH, it makes the whole system more and more complex considering the potential confliction and resource reservation. Thus, we prefer not to introduce separate PRACH configurations for SBFD.
Proposal 4: At least support shared PRACH configurations with legacy PRACH configurations for SBFD operation.
Multiple PRACH transmission
In Rel-18, multiple PRACH transmission was introduced to enhance the coverage. Considering the intention of this WID is to enhance the latency as well as the coverage. We prefer to support multiple PRACH transmission on SBFD symbols.
Proposal 5: Support multiple PRACH transmission on SBFD symbols.
During Rel-18 discussion for multiple PRACH transmissions, a concept of “RO group” was introduced for discussion purposes. To facilitate the discussion, the term “RO group” is utilized for related description. A RO group consists of a number of valid ROs which is equal to the configured number of multiple PRACH transmissions, and multiple PRACH can only be transmitted within one RO group. In addition, similar to SSB-RO association pattern period, a time period was introduced in Rel-18 for RO group determination. Meantime, detailed RO group determination method within the time period was specified as copied from TS 38.213 bellow.
	For a PRACH transmission with  preamble repetitions, a set consists of  valid PRACH occasions that are consecutive in time, use same frequency resources, and are associated with same one or more SS/PBCH block index(es), and each SS/PBCH block index is associated with same preamble indexes in all valid PRACH occasions within the set.
For a PRACH transmission with preamble repetitions, a time period, starting from frame 0, is the smallest integer number of association pattern periods such that at least one set of valid PRACH occasions for each of the  SS/PBCH block indexes can be determined within the time period for all configured number of preamble repetitions. The set(s) of valid PRACH occasions for each configured number of preamble repetitions repeats every time period.
Within a time period, for set(s) of  valid PRACH occasions for a PRACH transmission with  preamble repetitions  
[bookmark: _Hlk144760579]-	the first valid PRACH occasion of the first set is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent sets, if any, is determined according to an ordering of valid PRACH occasions 
-	first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-	second, in increasing order of time resource indexes for time multiplexed PRACH occasions 
where, for each frequency resource index for frequency multiplexed PRACH occasions
-	the first valid PRACH occasion of the first set is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent sets, if any,  
-	is after TimeOffsetBetweenStartingRO consecutive valid PRACH occasions in time from the first valid PRACH occasion of the previous set, where each PRACH occasion is associated with same SS/PBCH block index(es) and each SS/PBCH block index is associated with same preambles, if TimeOffsetBetweenStartingRO is provided 
-	is after the PRACH occasions for the previous set, if TimeOffsetBetweenStartingRO is not provided



In summary, we think Rel-18 multiple PRACH transmission mechanism can be a starting point for SBFD related operation and the existing mechanism should be reused as much as possible.
Proposal 6: Rel-18 multiple PRACH transmission mechanism can be reused as much as possible for SBFD related random access operation.
SSB-RO mapping
If separate PRACH configurations for SBFD is supported, then SSB-RO mapping can simply follow current rules, while treating the valid ROs on both SBFD symbols and UL/S symbols as a whole. Considering frequency multiplexed RO, there may be a case that some ROs are invalid on the SBFD symbols while are valid at the same frequency position on UL/S symbols, resulting in a strange pattern. As shown in the following figure, considering msg1-FDM = 4, if some of the ROs are out of the UL bandwidth on the SBFD symbols, they’ll become invalid ROs. Then, on SBFD symbols there are 2 valid ROs at the same time instance, while there are 4 on UL symbols.
[image: ]
Fig.1 Illustration of RO pattern for SBFD
If we consider 4 SSBs and each SSB is associated with 1 RO, then it’ll result in a SSB-RO pattern as shown in Fig.2.
[image: ]
Fig.2 Illustration of RO pattern for SBFD
Considering multiple PRACH transmission, it can be known that it’s hard to take all these valid ROs into a whole. Further discussion is needed.
For shared PRACH configurations, it needs to discuss whether multiple PRACH transmission can across SBFD symbols and UL symbols. SSB-RO mapping also needs to be further discussed.
Proposal 7: SSB-RO mapping needs to be considered for SBFD related random access operation.
Conclusions
In this contribution, we discuss remaining issues on PRACH coverage enhancement and have following proposals:
Proposal 1: Both CBRA and CFRA are within the scope and need to be considered for SBFD operation.
Proposal 2: Existing PRACH configuration mechanism and PRACH configuration table can be reused to configure the RO for SBFD random access procedure.
Proposal 3: Current RO validation rule needs to be modified to include valid ROs within SBFD symbols.
Proposal 4: At least support shared PRACH configurations with legacy PRACH configurations for SBFD operation.
Proposal 5: Support multiple PRACH transmission on SBFD symbols.
Proposal 6: Rel-18 multiple PRACH transmission mechanism can be reused as much as possible for SBFD related random access operation.
Proposal 7: SSB-RO mapping needs to be considered for SBFD related random access operation.
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