	
	
	



3GPP TSG RAN WG1 #116                                               	R1- 2400178
Athens, Greece, February 26th - March 1st, 2024

[bookmark: _Int_c5DlXlvn]Source:	Tejas Networks
[bookmark: _Int_kuLEI4b2][bookmark: Title]Title:	Discussion on SBFD Random Access Operation
[bookmark: _Int_XYQvZZ8V][bookmark: Source]Agenda Item:	9.3.2
[bookmark: _Int_NO48C8wn][bookmark: DocumentFor]Document for:	Discussion and Decision

[bookmark: _Ref521334010]Introduction
[bookmark: _Int_gM1qiTYi]In the RAN#102 meeting, the Work Item Description on the Evolution of NR Duplex Operation was discussed and defined in RP-234035 [1].
The following objectives of WID are discussed in this contribution: 
· [bookmark: _Int_4MTTDxtN]For sub-band non-overlapping full duplex (SBFD) operation at gNB side within a TDD carrier:
· [bookmark: _Int_dqHkesqZ][bookmark: _Int_tFYo7Qg7]Specify SBFD operation to support random access in SBFD symbols by UEs in RRC CONNECTED mode [RAN1, RAN2]
· [bookmark: _Int_pxj8OIOq]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 with normative work
The following are the assumptions based on TR 38.858 [2]
· SBFD at the gNB side
· Half duplex operation at the UE side
· FR1 and FR2-1
· SBFD operation Option 4, i.e., both time and frequency locations of sub-bands for SBFD operation are known to SBFD aware UEs
· Coexistence between non-SBFD aware UEs (including legacy UEs) and SBFD aware UEs in the cell operating SBFD at gNB side
· [bookmark: _Int_s7bL2to2]SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies
· One UL sub-band for SBFD operation in an SBFD symbol (excluding legacy UL symbol/slot) within a TDD carrier
· Mechanisms for SBFD operation shall also consider the adjacent channel coexistence between two operators


Random Access 
It was discussed in R1-2308303 [3], that if the Random Access (RA) process is allowed in the SBFD slot, then it can potentially reduce the latency of random-access and reduce the collision probability of RACH.
[bookmark: _Int_RRcSW4Ly]Figure 1 shows a possible RACH Occasion (RO) for the uplink sub-band of SBFD. As the uplink sub-band of SBFD is continuous in the time domain, it allows supporting long RACH formats, which can increase the coverage range. In the frame structure of DDDSU with 30KHz SCS, long format RACH cannot be supported, as the long format length is more than one slot duration.
Proposal 1: Random access shall be allowed in the SBFD sub-band as it will reduce the UL access delay due to the increased random-access opportunities.
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[bookmark: _Ref159009015]Figure 1: RACH transmission in SBFD frame structure, showing long RACH format
[bookmark: _Int_qo2pmm2V]The RACH process can be classified as Contention Based Random Access (CBRA) or Contention Free Random Access (CFRA). In both the scenarios, the receiver target power for preamble () is obtained from “RACH-ConfigGeneric”. The transmit power of the UE for RACH transmission is dependent on Path loss (PL) and receiver target power for preamble (Prx,target,RACH) as given by the equation: 

As the gNB does not have any other parameter to control the RACH transmission power, the transmitted power can leak into the adjacent downlink sub bands and can impact the downlink performance as shown in Figure 2.
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[bookmark: _Ref158407181]Figure 2: Downlink reception is getting impacted by the FAR UE’s RACH transmission

Currently, all the RACH Occasions (RO) are tied to the “receiver target power for preamble” of “RACH-ConfigGeneric.” In a 2-step RACH, it is tied to “msgA-PreambleReceivedTargetPower-r16“. 
Observation 1: To control SBFD UE’s RACH transmit power, additional RRC signaling is required. RRC signaling needs to be enhanced with additional Information Element (IE) “SBFD-RACH-ConfigGeneric” for SBFD in RAN2, and IE shall provide at least the below aspects
· [bookmark: _Int_h8LZ6rTF]Preamble Received Target Power: This will indicate the minimum received power from UE at the gNB for SBFD RACH operation. As the RACH length need not be restricted to one slot, and as the RACH detection performance can be made different, the Preamble Received Target Power will be different from that of the RACH of the uplink slot. Our initial study shows (see Appendix) that the RACH power leaks into adjacent downlink sub bands and controlling the leakage can be done by lowering the preamble received target power.
· [bookmark: _Int_NAK6tWxA]MSG1 Frequency Start: This will indicate the start Frequency position of the SBFD RACH. Frequency start is expressed in terms of RB (Resource Block), but it is from CRB0 (“AbsoluteFrequencyPointA”), rather than from the beginning of the Uplink sub-band.
· The other fields of “RACH-ConfigGeneric” may be needed in the new IE to be developed by RAN2 and can be reused with appropriate values suitable for SBFD RACH operation:
·  “msg1-FDM” - Number of frequency domain RO.
· “prach-ConfigurationIndex” - PRACH Configuration Index specified for the TDD frame structure. 
· “zeroCorrelationZoneConfig” - Specify the cyclic shift interval to generate PRACH sequence.
· “preambleTransMax” - Maximum RACH attempts made by the UE before giving up. 
· “powerRampingStep” - Specifies the power ramping step in dB for every RACH attempt.
· “ra-ResponseWindow” - Specifies the latest time by which the gNB will send the RACH response.

Proposal 2: To handle initial RACH and its impact on increased UE-UE CLI, the received target power at gNB and start Frequency position of the SBFD RACH are indicated via RRC signaling.
We believe that values like how many SSB can be mapped to one RO, the number of Contention Based preambles allowed per SSB, transport blocks size threshold of MSG3 and the initial value for the contention resolution timer of SBFD RACH will be different from the RACH in the uplink slot. To give flexibility to the SBFD RACH process, new IEs can be used, for example: “SBFD-RACH-ConfigCommon” for CBRA and SBFD-RACH-ConfigDedicated for CFRA in SBFD.
Proposal 3:  Frequency position of RACH, Time occasion, contention resolution timer will be different from the RACH Occasions of uplink slot, and it should be flexible. It shall be indicated via RRC signalling.
If a SIB indicates the time and frequency location of the SBFD, the same SIB can indicate the RACH occasion for SBFD. This is similar to SIB1, indicating the TDD frame structure and RACH configuration.
Proposal 4:  A SIB carrying time frequency indication for SBFD, can carry the RACH configuration for SBFD.

Conclusion

Proposal 1: Random access shall be allowed in the SBFD sub-band, and it will reduce the UL access delay due to the increased random-access opportunities.
Proposal 2: To handle initial RACH and its impact on increased UE-UE CLI, the received target power at gNB and start Frequency position of the SBFD RACH are indicated via RRC signaling.
Proposal 3: Frequency position of RACH, Time occasion, contention resolution timer will be different from the RACH Occasions of uplink slot, and it should be flexible. It shall be indicated via RRC signalling.
Proposal 4:  A SIB carrying time frequency indication for SBFD, can carry the RACH configuration for SBFD.
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[bookmark: _Ref159084451]Appendix

 Simulation was carried out to find out the impact of CLI on downlink throughput when RACH is transmitted in the uplink sub band. Assumptions made in the simulation setup are shown in Figure 3. Simulation results in Figure 4 show that downlink sensitivity degrades (additional SNR is required) due to RACH power leakage in the downlink sub band. 
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[bookmark: _Ref159084285]Figure 3: Simulation setup for measuring UE-UE CLI when RACH is transmitted
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[bookmark: _Ref159084330]Figure 4: Sensitivity degradation when RACH leakage power is higher than downlink received power
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