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In RAN#102 meeting, a new WID on NR duplex evolution was endorsed [1]. The objective of this work item is to standardize the operation of subband non-overlapping full duplex (SBFD) at the gNB side within a TDD carrier, which includes specifying the time and frequency domain location of SBFD subbands to UEs in RRC_CONNECTED mode, supporting random access in SBFD symbols, and defining UE transmission/reception/measurement behavior and procedures in SBFD symbols and/or non-SBFD symbols. In this contribution, we present our views on the random access operation in SBFD symbols. 
Discussion 
Random access operation in SBFD symbols for both RRC idle/inactive and connected states can reduce the random/initial access latency, improve the PRACH and Msg3 coverage, and improve the flexibility of the initial/random access by Offloading random access from the fixed UL slots to SBFD symbols. 
ROs configured in SBFD symbols
The configuration of ROs in UL subbands for initial/random access in idle/inactive or connected states can lead to several issues. The current specification allows for a maximum of 8 FDMed ROs in the frequency domain, with the offset of the lowest RO in frequency domain (msg1-FrequencyStart) configured to ensure that the corresponding ROs are within the bandwidth of the UL BWP. However, when ROs are configured in a UL subband, there may not be enough frequency resources to accommodate up to 8 FDMed ROs, resulting in overlap with the DL subband in the frequency domain. In our view, a new maximum limit of ROs configured in UL subbands in SBFD symbols and a new offset of the lowest RO in frequency domain (msg1-FrequencyStart) for ROs in SBFD symbols can be configured to ensure that the ROs are placed within the UL subband's bandwidth.
In addition, if Rel-18 ROs group are configured in UL subbands, they may encounter overlapping issues with non-SBFD symbols such as a single RO in the ROs group configured in SBFD symbols may fully or partially overlap with non-SBFD symbols as shown in figure 1. In other words, the ROs in a ROs group may be mapped to both SBFD and non-SBFD symbols/slots. Configuring the same parameters for the ROs in both SBFD and non-SBFD symbols, such as the number of Msg1 FDMed, the offset of the lowest RO (msg1-FrequencyStart), and UL power control parameters, may mislead an SBFD-aware UE to transmit the PRACH in both SBFD and non-SBFD symbols. In our view, separate parameters, such as the offset of the lowest RO in frequency domain (msg1-FrequencyStart), maximum number of ROs FDMed, and UL power control parameters, for the ROs in SBFD and non-SBFD symbols can be configured. 



Figure 1 Single RO in a ROs group fully overlapped the boundary of the non-SBFD symbols

Observation 1: The maximum of 8 ROs FDMed in a UL subband for random access in idle/inactive or connected state may result in ROs overlapping with the DL subband.
Observation 2: Configuring Rel-18 ROs group in UL subbands may result in occurring a single or multiple ROs in a ROs group in both SBFD and non-SBFD symbols. 
Observation 3: Configuring the same parameters for ROs in both SBFD and non-SBFD symbols may mislead an SBFD-aware UE to transmit the PRACH in both SBFD and non-SBFD symbols.
Proposal 1: Study separate parameters for the configuration of ROs in SBFD and non-SBFD symbols.  
Reception of Msg. 2 in SBFD symbols
Regarding the MSG.2 reception in SBFD symbols, When a UE successfully transmits Msg.1 in SBFD symbols it needs to monitor the RAR window to receive Msg.2. The RAR window is configured in SIB1 with a choice of [1, 2, 4, 8, 10, 20, 40, and 80] slots. If the RAR window is configured until the duration of the SBFD symbols, the UE cannot receive Msg.2 because it is in half-duplex mode and can only perform UL transmission. Therefore, the RAR window needs to be configured until the next occasion where non-SBFD DL slots/symbols are available as shown in figure 2. This may increase the latency of the random access procedure and may not achieve the objectives of the random access in SBFD symbols/slots.




Figure 2 Msg 2 transmission in SBFD symbols/slots

Observation 4: Configuring the RAR window until the next occasion where non-SBFD DL symbols are available may increase the latency of the random access procedure and may not achieve the objectives of the random access in SBFD symbols.

Proposal 2: RAN1 to study the reception of Msg2 in the SBFD symbols. 

Frequency hopping of Msg. 3 in SBFD symbols
In current specification, the frequency offset for the second hop in PUSCH transmission with frequency hopping scheduled by RAR UL grant for the Msg3 PUSCH transmission/retransmission is given in Table 1. The range of frequency hopping is based on the bandwidth of the initial UL BWP. If the current frequency hopping parameters, such as starting RB and RB offset of legacy symbols/slots, are used for Msg3 in the UL subband, it may result in the second hop of Msg3 occurs in frequency resources outside the bandwidth of the UL subband in SBFD symbols/slots.
Table 1 Frequency offset for second hop of PUSCH transmission with frequency hopping scheduled by RAR UL grant or of Msg3 PUSCH retransmission [TS 38.213 section 8.3]
	Number of PRBs in initial UL BWP
	Value of  Hopping Bits
	Frequency offset for 2nd hop

	
	0
	

	
	1
	

	
	00
	

	
	01
	

	
	10
	

	
	11
	Reserved



In our view, a new range of UL frequency hopping for Msg3 PUSCH in SBFD symbols can be defined. In Case, Msg3 or Msg3 repetition crosses the boundary of the SBFD and non-SBFD symbols, separate parameters such as separate frequency resources and separate FH parameters can be indicated in the RAR UL grant for MSG3 in the SBFD symbols.
Observation 5:  Using the FH range specified in the existing specification for Msg3 in the UL subband could cause the second hop to be mapped outside the UL subband in SBFD symbols. 
Proposal 3: Study separate parameters for Msg3, such as FDRA for PUSCH and FH, in SBFD and non-SBFD symbols. 
Paging in SBFD symbols
In case the idle/inactive UEs are configured with SBFD operation, with the transmission periodicity of the existing TDD operation, which is up to 320 slots in a 10ms time period, there is a high possibility that the PO may fully or partially overlap with the SBFD symbols in the time domain as shown in Figure 3. In this case, the paging message transmitted in DL subbands are not visible to UEs configured with UL subbands in DL slots/symbols as shown in Figure 4. This can potentially degrade the performance of paging the UEs in SBFD symbols/slots.



Figure 3 Paging occasion in SBFD symbols/slots

 


Figure 4 PO visibility to SBFD aware UE configured with UL subband in DL slots

Observation 6: When POs mapped to the SBFD symbols, UEs configured with UL subbands may not be able to receive the paging message, which can potentially degrade the performance of paging the UEs in SBFD symbols.
Proposal 4: RAN1 to study Paging in the SBFD symbols. 
Conclusion
In this contribution we discussed random access operation in SBFD symbols for both RRC idle/inactive and connected states, and paging in SBFD symbols, and made the following observations and proposals.  
Observation 1: The maximum of 8 ROs FDMed in a UL subband for random access in idle/inactive or connected state may result in ROs overlapping with the DL subband.
Observation 2: Configuring Rel-18 ROs group in UL subbands may result in occurring a single or multiple ROs in a ROs group in both SBFD and non-SBFD symbols. 
Observation 3: Configuring the same parameters for ROs in both SBFD and non-SBFD symbols may mislead an SBFD-aware UE to transmit the PRACH in both SBFD and non-SBFD symbols.
Observation 4: Configuring the RAR window until the next occasion where non-SBFD DL symbols are available may increase the latency of the random access procedure and may not achieve the objectives of the random access in SBFD symbols.

Observation 5:  Using the FH range specified in the existing specification for Msg3 in the UL subband could cause the second hop to be mapped outside the UL subband in SBFD symbols. 
Observation 6: When POs mapped to the SBFD symbols, UEs configured with UL subbands may not be able to receive the paging message, which can potentially degrade the performance of paging the UEs in SBFD symbols.

Proposal 1: Study separate parameters for the configuration of ROs in SBFD and non-SBFD symbols.  
Proposal 2: RAN1 to study the reception of Msg2 in the SBFD symbols. 

Proposal 3: Study separate parameters for Msg3, such as FDRA for PUSCH and FH, in SBFD and non-SBFD symbols. 
Proposal 4: RAN1 to study Paging in the SBFD symbols. 
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  Figure  1   Single RO in a ROs group fully overlapped the boundary of the non - SBFD symbols    

