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1. Introduction
[bookmark: _Hlk30969022]In RAN #102 meeting, the work item “Evolution of NR duplex operation: Sub-band full duplex (SBFD)” was approved including the following objectives:
	· 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 the potential enhancements for random access in SBFD symbols in RRC_CONNECTED state and RRC_IDLE/INACTIVE states.
2. Discussion
1. 
2. 
2.1. Random access in RRC_CONNECTED mode
To support SBFD operation for random access at least for RRC connected mode, transmissions of PRACH, Msg3 PUSCH and HARQ-ACK for Msg4 in UL subband in SBFD symbols should be supported. According to our companion paper [2], we use the terminology of “actual UL/DL subband” to represent the frequency-domain intersection of active UL/DL BWP and configured UL/DL subband.
PRACH transmissions
The first issue needs to be discussed is whether a PRACH transmission can across SBFD symbols and non-SBFD symbols. It would be beneficial for a transmission of long PRACH formats to use both SBFD symbols and non-SBFD symbols so that the number of desired SBFD slots can be mainly based on needs of PUSCH/PUCCH instead of needs of PRACH. However, as discussed in our companion paper [2], whether this can be supported would depend on many factors, e.g., SBFD symbol and non-SBFD symbol may employ different RF chain/antenna panel configuration, different transmission power and different filtering, so switching period is necessary between SBFD symbols and non-SBFD symbols. The phase continuity may not be maintained when the symbol type is changed. So we prefer to disallow PRACH transmission across SBFD symbols and non-SBFD symbols, that is, if a PRACH occasion across mixed symbols type, it is deemed as an invalid PRACH occasion.
Proposal 1: If a PRACH occasion is allocated over both SBFD symbols and non-SBFD symbols, it is deemed as an invalid PRACH occasion.  
Legacy PRACH frequency resource allocations are configured via RRC signaling msg1-FrequencyStart and msg1-FDM, where msg1-FrequencyStart indicates the offset of the lowest PRACH transmission occasion in frequency domain with respective to PRB 0 and msg1-FDM configures the number of PRACH transmission occasions FDMed in one time instance. When msg1-FDM is larger than 1, the PRACH transmission occasions are continuously distributed in the frequency domain. In typical deployments, PRACH is very likely configured at the edge of BWP to avoid UL resource fragmentations and to enable PUSCH transmission with large bandwidth and contiguous PRBs. Therefore, in order to seek for more PRACH transmission opportunities and configure PRACH occasions in SBFD symbols, frequency resource allocation enhancement is needed for PRACH. Specifically, the following alternatives can be considered for further study:
· Alt 1: separate configurations of msg1-FrequencyStart and msg1-FDM for SBFD symbols and non-SBFD symbols so that all the configured PRACH occasions are within valid UL resources and meanwhile avoid the UL fragmentations;
· Alt 2: unified frequency resource configuration for SBFD symbols and non-SBFD symbols with different interpretation between two types of symbols. For example, for non-SBFD symbols, the msg1-FrequencyStart is interpreted as the offset with respective to the lowest PRB of the BWP; while for SBFD symbols, the msg1-FrequencyStart is interpreted as the offset with reference to the lowest PRB of the actual UL subband.
The schematic plot of Alt 1 and Alt 2 is shown in Figure 1.
	

	



Figure 1: PRACH frequency resource configuration in Alt 1 (left) and Alt 2 (right)
Proposal 2: To support random access in SBFD symbols, the following alternatives can be considered for PRACH frequency resource configuration enhancements:
· Alt 1: Separate configurations of msg1-FrequencyStart and msg1-FDM for SBFD symbols and non-SBFD symbols
· Alt 2: Unified configuration of msg1-FrequencyStart and msg1-FDM, but with different interpretations, for SBFD symbols and non-SBFD symbols. E.g., for non-SBFD symbols, the msg1-FrequencyStart is interpreted as the offset with respective to the lowest PRB of the BWP; for SBFD symbols, the msg1-FrequencyStart is interpreted as the offset with reference to the lowest PRB of the actual UL subband.
Moreover, since PRACH occasions may be configured in SBFD symbols which are DL symbol and flexible symbols in tdd-UL-DL-ConfigurationCommon, the validation of PRACH occasion needs to be modified accordingly, e.g., a PRACH occasion is valid if it is within UL symbols or it is within SBFD symbols and the frequency resources of the PRACH are within the actual UL subband.
Proposal 3: To support random access in SBFD symbols, the existing validation of PRACH occasion needs to be revised.
In addition, different number of gNB antennas/panels may be deployed in SBFD symbols and non-SBFD symbols, and different interference and UL link quality are observed in SBFD symbols and non-SBFD symbols, hence different power may be needed for PRACH transmission in the two types of symbols. In legacy, the PRACH transmission power determination employs open loop power control mechanism with power ramping among PRACH retransmissions as following:
 [dBm],
Where  is the PRACH target reception power provided by higher layer as:
PREAMBLE_RECEIVED_TARGET_POWER=preambleReceivedTargetPower+DELTA_PREAMBLE + (PREAMBLE_POWER_RAMPING_COUNTER – 1) × PREAMBLE_POWER_RAMPING_STEP. preambleReceivedTargetPower is the target power level at the network receiver side.
For SBFD and non-SBFD symbols, separate configuration of power control parameter, e.g., preambleReceivedTargetPower is beneficial to adapt to interference and UL link quality of different types of symbols. Moreover, for a PRACH retransmission, if symbol type has changed compared to the last PRACH (re)transmission, how to handle the power ramping counter needs to be further studied in order to avoid severe interference in the target type of symbols for the PRACH retransmission. Some candidate alternatives are given as following:
· Alt 1: power ramping counter increments by 1.
· Alt 2: power ramping counter suspends. 
· Alt 3: power ramping counter is reset.
· Alt 4: separate power ramping counters are maintained for SBFD symbols and non-SBFD symbol
· Alt 5: For a PRACH retransmission, its symbol type cannot be changed compared to that of the last PRACH (re)transmission. The corresponding power raping counter runs as in legacy way. 
Among the above alternatives, Alt 1 may cause higher interference to other UEs in the target type of symbols while Alt 2 can avoid that interference and does not increase much random access latency. Alt 3 is the most conservative solution with respect of interference handling, but it may lead to increase of latency for random access. Alt 4 has the similar performance as that of Alt 2 but UE needs to maintain two power ramping counters which is complex for implementation. Alt 5 restricts the initial PRACH transmission and retransmission to one type of symbols, this is simple but the gain from PRACH transmission in SBFD symbols may be degraded. 
Proposal 4: For PRACH power control, supports separate configuration of power control parameter, e.g., preambleReceivedTargetPower, for SBFD symbol and non-SBFD symbol. 
Proposal 5: For a PRACH retransmission, RAN1 further studies how to handle the power ramping counter in case the symbol type is changed compared to the last PRACH (re)transmission.
When it comes to the time domain resource configuration for PRACH, it is given by Table 6.3.3.2-2 to Table 6.3.3.2-4 in TS 38.211 which configures the PRACH resources for FR1 FDD, FR1 TDD and FR2 respectively. From the RACH configuration table, it can be observed that for PRACH format 0/3/A/B/C, the time domain resource is relatively flexible for SBFD operation. However, for PRACH format 1/2, the choices of time domain resources that can be configured from the table are limited, i.e., PRACH format 1 can be configured only in subframe 7 and PRACH format 2 can be configured only in subframe 6, which lacks of flexibility to support PRACH occasion in SBFD symbols. From another perspective, the duration of PRACH format 1/2 is 3ms/3.5ms, which is long enough and can be used for large and deep coverage. The motivation for further enhancement of PRACH format 1/2 in SBFD symbols is not strong.
Observation 1: The time domain resource configurations for PRACH by Table 6.3.3.2-2 to Table 6.3.3.2-4 in TS 38.211 are flexible enough to support PRACH transmission in SBFD symbols, except for PRACH format 1 and format 2.
Msg3 PUSCH
For Msg3 PUSCH transmission with frequency hopping scheduled by RAR UL grant, the frequency offset for the second hop is given by Table 8.3-1 in TS 38.213 which is copied below for reference. 
Table 8.3-1: Frequency offset for second hop of PUSCH transmission with frequency hopping scheduled by RAR UL grant or of Msg3 PUSCH retransmission
	Number of PRBs in initial UL BWP
	
Value of  Hopping Bits
	Frequency offset for 2nd hop

	

	0
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	1
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	00
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	01
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	10
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	11
	Reserved


Following the above table, the frequency offset for the second hop of Msg3 is determined based on the UL BWP size, which may mistakenly put the second hop of Msg3 into actual DL subband if Msg3 is transmitted in SBFD symbols. Therefore, it is proposed that the frequency offset for the second hop of Msg3 is calculated based on the actual UL subband size. It can be further studied whether the number of bits for is also determined according to the actual UL subband size as the following modified table 8.3-1.
Modified Table 8.3-1: Frequency offset for second hop of PUSCH transmission with frequency hopping scheduled by RAR UL grant or of Msg3 PUSCH retransmission in SBFD symbol
	Number of PRBs in initial UL BWP
	Value of  Hopping Bits
	Frequency offset for 2nd hop

	
 
[or ]
	0
	


	
	1
	


	
 
[or ]
	00
	


	
	01
	


	
	10
	


	
	11
	Reserved


Proposal 6: For Msg3 (re)transmission with frequency hopping in SBFD symbols, the frequency offset for the second hop and/or the number of bits of  are determined based on the actual UL subband size. 
HARQ-ACK for Msg4
For a PUCCH transmission of HARQ-ACK for Msg4, the PUCCH resource set, if provided by pucch-ResourceCommon through an index to a row of Table 9.2.1-1 in TS 38.213, is shown below.
Table 9.2.1-1: PUCCH resource sets before dedicated PUCCH resource configuration 
	Index
	PUCCH format
	First symbol
	Number of symbols
	PRB offset [image: ]
	Set of initial CS indexes

	0
	0
	12
	2
	0
	{0, 3}

	1
	0
	12
	2
	0
	{0, 4, 8}

	2
	0
	12
	2
	3
	{0, 4, 8}

	3
	1
	10
	4
	0
	{0, 6}

	4
	1
	10
	4
	0
	{0, 3, 6, 9}

	5
	1
	10
	4
	2
	{0, 3, 6, 9}

	6
	1
	10
	4
	4
	{0, 3, 6, 9}

	7
	1
	4
	10
	0
	{0, 6}

	8
	1
	4
	10
	0
	{0, 3, 6, 9}

	9
	1
	4
	10
	2
	{0, 3, 6, 9}

	10
	1
	4
	10
	4
	{0, 3, 6, 9}

	11
	1
	0
	14
	0
	{0, 6}

	12
	1
	0
	14
	0
	{0, 3, 6, 9}

	13
	1
	0
	14
	2
	{0, 3, 6, 9}

	14
	1
	0
	14
	4
	{0, 3, 6, 9}

	15
	1
	0
	14
	[image: ]
	{0, 3, 6, 9}


In the above table, the PRB offset  indicates the offset of the lowest PRB of PUCCH with respective to the PRB 0 of the BWP, which may result in potential overlap between the PUCCH transmission and DL subband in SBFD symbols. Therefore, it is proposed that for SBFD symbols, re-define that parameter as the offset of the lowest PRB of PUCCH with respective to the lowest PRB of the actual UL subband to confine the PUCCH resource set in the actual UL subband, e.g., , and the PRB offset in PUCCH resource set 15 should also be modified to . Accordingly, the frequency resource determination for the PUCCH transmission in SBFD symbols should be modified as  and  for the first hop and second hop or for the second and the first hop depending on the PUCCH resource index.
Proposal 7: For PUCCH transmission of HARQ-ACK for Msg4 in SBFD symbols, re-interpret the PUCCH PRB offset with respective to the lowest PRB of the actual UL subband and re-interpret the PUCCH frequency resources with respective to the actual UL subband size.
2.2. Random access in RRC IDLE/INACTIVE mode
According to [7], 5G NR supports the following RACH scenarios:
[bookmark: _Ref158832589]Table 1 5G NR RACH scenarios
	RACH purposes
	RRC state
	is CBRA
	is CFRA

	Initial access from RRC_IDLE
	RRC_IDLE
	Y
	-

	RRC connection resume from RRC_Inactive
	RRC_Inactive
	Y
	-

	RRC Connection Reestablishment
	RRC_Connected
	Y
	-

	DL/UL data arrival when UL is out of sync
	RRC_Connected;
RRC_Inactive (SDT ongoing)
	Y
	-

	UL data arrival – No PUCCH Configured for SR
	RRC_Connected;
RRC_Inactive (SDT ongoing)
	Y
	-

	SDT in RRC_INACTIVE
	RRC_Inactive
	Y
	-

	SR failure
	RRC_Connected
	Y
	-

	Handover
	RRC_Connected
	Y
	Y

	Beam Failure recovery
	RRC_Connected
	Y
	Y

	Synchronous Reconfiguration
	RRC_Connected
	Y
	Y

	Timing alignment for SCell addition
	RRC_Connected
	Y
	Y

	On-demand System Information
	RRC_Connected;
RRC_IDLE, RRC_Inactive
	Y
	Y (*)

	PDCCH ordered: 
· DL out of sync, 
· Early UL synchronization with an LTM candidate cell
· RACH-based LTM cell switch
	RRC_Connected
	Y
	Y


It is observed from Table 1 that,
· RACH scenarios in RRC_IDLE/INACTIVE include: Initial access from RRC_IDLE, RRC connection resume from RRC_Inactive, SDT operation in RRC_Inactive and on-demand SI. These scenarios allow CBRA but not CFRA, except on-demand SI which can use CFRA as well. However, CFRA for on-demand SI is normally SI-message-specific and the corresponding RACH resource needs to be accessible by legacy UE as well, it looks a duplicated waste if the system assigns additional RACH resource in SBFD symbols to trigger other-SI transmission while the same purpose is already achievable by RACH resources in non-SBFD UL resources required by legacy UE. In short, CFRA in SBFD symbols for on-demand SI purpose does not seem to bring any benefit but cost unnecessary resource waste. The remaining discussion in this contribution assumes CFRA for on-demand SI fully follow the legacy specification and is irrelevant to SBFD enhancement in Rel-19.      
· About half of RACH scenarios can use both CBRA and CFRA. The remaining can use CBRA only.  
Comparing to RACH of CFRA type in RRC_Connected state, RACH in RRC_IDLE/INACTIVE (which is CBRA type if on-demand SI purpose is excluded) may have multiple UE’s to autonomously transmit PRACH on a same PRACH resource, and the number of UE’s transmitting PRACH on a given PRACH resource is almost random, which can make the interference profile created from the PRACH resource somehow unstable and therefore difficult to predict based on the earlier measurements. In fact, UE-to-UE CLI caused by UL PRACH on the CBRA resources was not studied in Rel-18 duplex SI. If RACH of CBRA type should be supported in SBFD symbols, it remains unclear how RAN1 should explore the study/solution for UE-to-UE CLI generated from the resources that gNB uses for CBRA. Therefore, we expect the following comparisons between CFRA and CBRA in SBFD symbols: 
· UE-UE CLI strength peak:  (CFRA) < (CBRA);
· UE-UE CLI predictability (i.e., CLI stability):  (CFRA) > (CBRA)
The similar question may also be raised for gNB-to-gNB CLI, where the CLI impact is mixed together with PRACH-to-PRACH collision within CBRA. 
Given there was no sufficient study and no conclusion in Rel-18 SI phase for CBRA-related UE-UE CLI and CBRA-related gNB-gNB CLI, we see a reasonable option to drop Rel-19 support of any CBRA RACH in SBFD symbols. In case this option sounds too conservative comparing to having the same full support of CBRA RACH in SBFD symbol as in non-SBFD symbol, there is one trade-off in between that CBRA RACH in SBFD symbol is accessible to a UE if and only if the UE is in RRC_Connected state. This trade-off is reasonable because: 
· The improvements of RACH latency and coverage are more meaningful in RRC_Connected state than in RRC_IDLE/INACTIVE. 
· To exclude RACH resources in SBFD symbols for RACH in RRC_IDLE/INACTIVE helps to avoid too much CLI being generated from CBRA RACH resources in SBFD symbols. 
With this trade-off, RACH in SBFD symbol is not supported in RRC_IDLE/INACTIVE states.      
Proposal 8: With CFRA-based RACH in SBFD symbol to be supported in RRC_Connected state, RAN1 takes the following options for further study.
· Option-1: CBRA-based RACH in SBFD symbol is not supported regardless of RRC connection state. 
· Option-2: CBRA-based RACH in SBFD symbol is supported regardless of RRC connection state.
· Option-3: CBRA-based RACH in SBFD symbol can be accessed by UE in RRC_Connected state but not by UE in RRC_IDLE/INACTIVE states. 
In the above proposal, RACH in SBFD symbols is supported in RRC_IDLE/INACTIVE states in Option-2, but is not supported in Option-1 and Option-3. However, the SBFD gain upon RACH procedure, such as lower collision probability and correspondingly lower latency due to less collision, is still available to RACH in RRC_IDLE/INACTIVE, because an amount of CFRA RACH attempts (in options 1&3) and CBRA RACH attempts (in option 3) are moved to SBFD symbols, so that the RACH resources from the total RACH resource pool in non-SBFD symbols become less crowded and consequently provides RACH in RRC_IDLE/INACTIVE with lower collision probability.   
1. 
2. 
3. Conclusions
This contribution concludes with the following observations and proposals:
[bookmark: _GoBack]Proposal 1: If a PRACH occasion is allocated over both SBFD symbols and non-SBFD symbols, it is deemed as an invalid PRACH occasion.  
Proposal 2: To support random access in SBFD symbols, the following alternatives can be considered for PRACH frequency resource configuration enhancements:
· Alt 1: Separate configurations of msg1-FrequencyStart and msg1-FDM for SBFD symbols and non-SBFD symbols
· Alt 2: Unified configuration of msg1-FrequencyStart and msg1-FDM, but with different interpretations, for SBFD symbols and non-SBFD symbols. E.g., for non-SBFD symbols, the msg1-FrequencyStart is interpreted as the offset with respective to the lowest PRB of the BWP; for SBFD symbols, the msg1-FrequencyStart is interpreted as the offset with reference to the lowest PRB of the actual UL subband.
Proposal 3: To support random access in SBFD symbols, the existing validation of PRACH occasion needs to be revised.
Proposal 4: For PRACH power control, supports separate configuration of power control parameter, e.g., preambleReceivedTargetPower, for SBFD symbol and non-SBFD symbol. 
Proposal 5: For a PRACH retransmission, RAN1 further studies how to handle the power ramping counter in case the symbol type is changed compared to the last PRACH (re)transmission.
Observation 1: The time domain resource configurations for PRACH by Table 6.3.3.2-2 to Table 6.3.3.2-4 in TS 38.211 are flexible enough to support PRACH transmission in SBFD symbols, except for PRACH format 1 and format 2.
Proposal 6: For Msg3 (re)transmission with frequency hopping in SBFD symbols, the frequency offset for the second hop and/or the number of bits of  are determined based on the actual UL subband size. 
Proposal 7: For PUCCH transmission of HARQ-ACK for Msg4 in SBFD symbols, re-interpret the PUCCH PRB offset with respective to the lowest PRB of the actual UL subband and re-interpret the PUCCH frequency resources with respective to the actual UL subband size.
Proposal 8: With CFRA-based RACH in SBFD symbol to be supported in RRC_Connected state, RAN1 takes the following options for further study.
· Option-1: CBRA-based RACH in SBFD symbol is not supported regardless of RRC connection state. 
· Option-2: CBRA-based RACH in SBFD symbol is supported regardless of RRC connection state.
· Option-3: CBRA-based RACH in SBFD symbol can be accessed by UE in RRC_Connected state but not by UE in RRC_IDLE/INACTIVE states. 
3. 
4. 
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