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[bookmark: _Ref521334010]Introduction
In this contribution, we discuss the WID [1] objectives of enabling random access in SBFD symbols, both in RRC_CONNECTED mode and RRC_IDLE mode. Whereas the former is agreed to be specified and the latter is pending RAN#104 decision [2].
	· 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, the following issues of SBFD operation for random access are discussed.
· Whether to support RACH in SBFD symbols for UEs in RRC_IDLE/RRC_INACTIVE mode
· How to support random access in SBFD symbols for UEs in RRC_IDLE/INACTIVE mode
· Details on RO validation rules, SSB-RO mapping rules for UE’s in RRC_CONNECTED mode
· Can SBFD aware UE and non-SBFD aware UE have different PRACH preamble formats
· How to support separate PRACH power control parameters configuration in SBFD symbols and non-SBFD symbols
· Is enhancement of the existing random access configuration tables for unpaired spectrum required
· Whether PRACH repetition is required

SBFD random access operation by UE in RRC connected mode
Discussion on RACH Occasion configuration
In RAN#116 meeting [3], it was agreed to study RACH Occasions (RO) for SBFD UEs in the RRC_CONNECTED mode.
	Agreement
For SBFD-aware UEs in RRC CONNECTED state, further study the following two options:
· Option 1: a valid RO can only be on SBFD symbols or on non-SBFD symbols
· a configured RO across SBFD and non-SBFD symbols in the same slot or across slots is invalid
· Option 2: a valid RO can be across SBFD and non-SBFD symbols in the same slot or across slots
RAN1 to leverage the study in Rel-18 as baseline.



To support PRACH transmission, RO resources need to be configured in SBFD UL sub-band. A valid RO can be only in SBFD symbols or in non- SBFD symbols as shown in Option 1 of Figure 1. A valid RO can be across the SBFD and non SBFD symbols as shown in Option 2 of Figure 1.  
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[bookmark: _Ref162264696]Figure 1: RO options for SBFD RACH

It was agreed in the RAN#116 [3] meeting that, benefits of allowing RACH in SBFD symbols includes improvement in coverage. To support better coverage, we need either RACH repetitions or longer RACH formats in SBFD symbols. This will give use cases, where valid RO can extend to non SBFD symbols. An example of valid RO extending to non SBFD symbols is shown in option 2 of Figure 1. PCI 150 in FR1 (unpaired spectrum) support preamble format B4 and it has two ROs. First RO is in the special slot and second RO is in the uplink slot. RO present in the special slot will occupy both SBFD and non SBFD symbols for the frame structure shown in Figure 1.  If long preamble formats or short preamble formats like B4, C2 needs to be supported in SBFD symbols of the special slot then, RO will extend to non SBFD symbols. Current specification on RACH [3], if extended to SBFD, allows RO configuration across SBFD and non SBFD symbols.  
Observation 1: Current specification on PRACH Configuration Index [4], if extended to SBFD, allows RO configuration across SBFD and non SBFD symbols.
By restricting the configuration of RO to SBFD or to non-SBFD symbols only, opportunity of having RO in the special slot of TDD will be lost. This will make no RO available in the SBFD sub band for some of the PCI (for example PCI 151) and hence, will not give the benefit of reduced RACH latency. The downside of having RO across SBFD and non SBFD symbols is, a single continuous UL transmission grant cannot be assigned to a single UE. But this can be solved by giving UL transmission grant to two separate UEs or by blanking PRBs occupied by RACH and scheduling UL transmission from single UE.
Proposal 1: A valid RO can be across SBFD and non-SBFD symbols in the same slot or across slots (hence we support Option 2).
Proposal 2: If RO is extended to non SBFD slot, a single contiguous UL transmission PRBs occupying RACH PRB must be split by allocating UL transmission grant to different UEs or by blanking the PRBs that are occupying RO.

Discussion on RO frequency validation rules
By applying RO frequency validation rules, we can reuse the PCI which applied in non SBFD symbols.  
There are 3 use cases are presented in Figure 2 for discussion. 
· In Case 1, having RO validation rules in frequency domain is useful. It will invalidate the RO occupying the DL sub-band of the SBFD symbols. 
· In Case 2, a different preamble format needs to be supported for improved coverage in SBFD symbols. Here, we need a different PCI to configure RACH in SBFD symbols and RO validation rule will not have any role. 
· In Case 3, non SBFD RO is occupying different RBs compared to RO in SBFD symbols. The chosen PCI index for SBFD symbols will have an invalid RO in the uplink slot (For example: PRACH occasions not associated with SS/PBCH blocks after an integer number of association periods, if any, are not used for PRACH transmissions [Chapter 8, [5]]). So, a RO validation rule in frequency domain will not be helpful here as well. Also, in Release-18, we don’t have RO frequency validation rule for uplink slots.
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[bookmark: _Ref162277468]Figure 2: Different use cases for RACH in SBFD and non SBFD symbols
Observation 2: In Release 18, there is no RO frequency validation rule.
Specifying independent PCI for SBFD symbols will address all above 3 Cases. In Case 1, different PCI is chosen with FDM as 1. In Case 2, new PCI is chosen with different preamble format. In Case 3, because of SSB-RO validation rule, RO in UL slot is invalidated.
Proposal 3: There should be independent RO configurations (PCI) for SBFD symbols and non SBFD symbols.
Observation 3: Having independent RO (PCI configuration) will be more beneficial than reusing the existing PCI with RO rule, as it gives option of supporting different preamble formats, different FDMs.
Proposal 4: Reuse the existing SSB-to-RO mapping rule for each of the separate RO configurations.

[bookmark: _Ref162538400]Discussion on SSB-RO mapping rules in SBFD

A typical use case of mid band of FR1 is shown here. Assume a UE is present in SSB#3 beam. UE will receive system information (SIB) after decoding SSB block and PDSCH containing SIB. From SIB1, information on SSB bit map, “ssb-PositionsInBurst” and generic configuration of RACH can be obtained. “ssb-PositionsInBurst” and PBCH decoding will give information on how many SSB beams are transmitted and which beam is received by the UE.
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[bookmark: _Ref162616092]Figure 3: SSB - RO mapping rule in non SBFD symbols


	Keyword
	Definition 

	Association Period 

	Association period is used for mapping SSB block indexes to RO. It is the smallest integer time for the given RACH configuration period, such that SSB blocks are at least once mapped to the RO.

	Ngap
	Number of symbols that PRACH transmission has to wait after receiving of the last SS/PBCH block symbol.

	Association pattern period
	An association pattern period includes one or more association periods and is determined so that a pattern between PRACH occasions and SS/PBCH block indexes repeats at most every 160 msec.


 
For the given use case, let PRACH Configuration Index (PCI) configured by gNB as 158, and this information is obtained in the generic configuration of RACH. PCI will specify the preamble format, RACH Configuration period and start time and subframe position of RO as shown in Table 1. Once, the information of SSB beams and PCI are learnt, association period can be obtained from the Table 8.1-1 of TS 38.213 [5]. For the given example, it comes as 4 as 4 SSB beams are transmitted. So, the UE RACH is transmitted in the RO#3 as shown in the Figure 3.

[bookmark: _Ref162615229]Table 1: Example of RACH configuration for FR1 and unpaired spectrum
	PRACH
Configuration 
Index
	Preamble format
	
	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
	number of time-domain PRACH occasions within a PRACH slot
	PRACH duration

	158
	B4
	1
	0
	7
	0
	1
	1
	12



[bookmark: _Ref162637691]Table 2: Extract of Random-Access procedure from TS 38.213
	TS 38.213, v18.1.0, section 8.1
<************************************omitted***********************************>
[bookmark: _Hlk162616014]Table 8.1-1: Mapping between PRACH configuration period and SS/PBCH block to PRACH occasion association period
	PRACH configuration period (msec)
	Association period (number of PRACH configuration periods)

	10
	{1, 2, 4, 8, 16}

	20
	{1, 2, 4, 8}

	40
	{1, 2, 4}

	80
	{1, 2}

	160
	{1}


<************************************omitted***********************************>
For preamble format B4 [4, TS 38.211], . 
Table 8.1-2:  values for different preamble SCS 
	Preamble SCS
	

	1.25 kHz or 5 kHz
	0

	15 kHz or 30 kHz or 60 kHz or 120 kHz
	2

	480 kHz
	8

	960 kHz
	16


<************************************omitted***********************************>
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[bookmark: _Ref162640892]Figure 4:SSB - RO mapping rule in SBFD symbols

SSB - RO mapping rules in SBFD symbols are discussed and following questions are answered:
· Whether valid ROs can precede a SS/PBCH block in the PRACH slot?
· Whether valid ROs can overlap with a SS/PBCH block in time domain in the PRACH slot?
· Does Ngap (symbols gap) need a change?
· Should we allow PRACH transmission of SBFD aware UEs in non SBFD slots also? 
First two questions are raised as gNB can receive RACH in UL sub band, and at the same time gNB can also transmit SSB in DL sub band. Here the intention is to reducing RACH latency. But these two questions have to be seen with the use cases of RACH. RO will provide opportunity for RACH both in Contention Free Random Access (CFRA) and in Contention Based Random Access (CBRA) mode. The same RO is used by UEs who are in RRC_IDLE / RRC_INACTIVE mode (with CBRA). If the UEs are in RRC_IDLE/RRC_INACTIVE mode, SSB position in the burst has to be known for the RACH transmission. 
Also, if the RACH procedure is initiated by PDCCH order, then the UE will receive DCI1_0 is sent in the SSB beam which will carry the information for RACH triggering. To address all these use cases, valid ROs should follow the SSB block. If the ROs precede or overlap SS/PBCH block, then RACH transmission will not be successful as RO is mapped to SSB beam.
Proposal 5:  The valid ROs shall follow the SS/PBCH block in the PRACH slot. 
“Ngap” Symbols gap is are provided so that UE have sufficient time to prepare its RACH transmission soon after receiving the last SS/PBCH block. Various values of Ngap is shown in Table 2.  In case SBFD, the UE is still operating as half duplex mode. So, no change in the “Ngap” symbols is required.
Proposal 6:  No change is required in “Ngap” symbols. 
SBFD aware UEs can transmit RACH both in the SBFD RO and non SBFD RO. A new rule is required as UE 
a) Can transmit RACH simultaneously both in SBFD and non SBFD RO. In simultaneous RACH transmission, UE has to transmit with same preamble index. If the UE receives RAR in SBFD sub band and if RACH is successful, then UE will get resource grant in SBFD sub band. If UE receives RAR in non SBFD symbols and if RACH is successful, then the UE will get resource grant in non SBFD symbols. In this scenario, SBFD UE will have higher RO opportunities than RO only in SBFD symbols. 
b) Is not allowed to transmit in non SBFD RO’s. In this case, SBFD aware UE will not get resources in non SBFD symbols during SBFD mode.
c) Is allowed to transmit in non SBFD RO’s after unsuccessful RO attempts in SBFD symbols. Here too, a new rule is required. If SBFD UE wants to access SBFD uplink sub band, then RACH has to be in the SBFD RO only. Only if the RACH is unsuccessful in SBFD sub band, then RACH can be attempted in RO of non SBFD symbols. We prefer this option, as it gives both SBFD UE and non SBFD UE fair opportunities for RACH process.
Maximum Coupling Loss (MCL) of RACH is better than the MCL of the PUSCH channel. So, if RACH is unsuccessful in SBFD sub band, allocating UL resource for the UE in SBFD sub band can be further investigated.
Proposal 7: New rule is required for SBFD aware UE to transmit RACH in both SBFD RO and non SBFD RO.
Observation 4: MCL of RACH < MCL of PUSCH.
Proposal 8: SBFD UE will attempt PRACH transmission first in the SBFD RO only. If RACH attempts cross the maximum allowed steps, then only SBFD UE will attempt RACH transmission in RO of non SBFD symbols.  
Proposal 9: If RACH attempt in SBFD RO is unsuccessful, allocating UL resource for the UE in SBFD sub band can be further investigated.

Whether/how to allow SBFD aware UE and non-SBFD aware UE to use different PRACH preamble formats

	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 (as seen in  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 R1-2401677 [2], it was observed that PRACH in SBFD symbols can be used to achieve higher coverage or to achieve increased cell range. To achieve this different PRACH preamble formats should be allowed, and this can be different from the PRACH preamble used in non SBFD symbols. In order to reduce CLI on DL sub band, the UE may be asked to lower the RACH transmission power. To achieve similar MCL of non SBFD RACH, different preamble formats can be chosen. 
Proposal 10: Different PRACH preamble formats shall be allowed in SBFD symbols to maximise the benefit of RACH transmission.

[bookmark: _Ref163220401]Separate PRACH power control parameters configuration

The following aspects will control the PRACH power transmission:
· [bookmark: _Int_h8LZ6rTF]Preamble Received Target Power (“preambleReceivedTargetPower”) will indicate the received power at the gNB for SBFD RACH operation. UE needs to transmit RACH with power equal to sum of preamble received target power and path loss. The SINR observed on SBFD symbols can be different from the SINR observed in non SBFD symbols. Also, the preamble format can be different from the one used in non SBFD symbols. Also, to reduce the impact of UE-UE CLI (either due to leakage or due to co-channel interference as shown in Figure 5), the Preamble Received Target Power of RACH in SBFD symbols will be different from that of the RACH of the uplink slot.
[image: ]
[bookmark: _Ref163219502]Figure 5: Downlink reception is getting impacted by the FAR UE’s RACH transmission
· Maximum Preamble Transmission (“preambleTransMax”) – Maximum number of RACH attempts made by the UE before giving up. In SBFD symbols, to reduce the impact of CLI, maximum number of RACH attempts can be set differently from the RACH attempts used in non SBFD symbols.  
· [bookmark: _Hlk156735853]Power Ramping Step (“powerRampingStep”) - Specifies the power ramping step in dB for every RACH attempt. As Maximum attempts in RACH Transmission and Preamble Received Target Power can be different for RACH in SBFD symbols, having a different configuration for Power Ramping Step, helps configuring PRACH power control better.

Proposal 11: Separate PRACH power control parameters are required for RACH operation in SBFD symbols.
 
Proposal 12: RACH parameters on Preamble Received Target Power, Maximum Preamble Transmission and Power Ramping Step can have different configuration values in SBFD symbols from that of non SBFD RACH configurations. 


On enhancing the Random-access Configuration Table 
If a separate RACH Configuration is used for RACH in SBFD symbols, then it gives flexibility for choosing different PCI from the legacy PCI used for non SBFD slots. The current Random access configuration Table for FR1 and unpaired spectrum (Table 6.3.3.2-3 in v 18.1 of TS 38.211) and Random-access configuration Table for FR2 and unpaired spectrum (Table 6.3.3.2-4 in v 18.1 of TS 38.211) [4] gives sufficient coverage of RO in the frame.  
Proposal 13: The existing tables (Table 6.3.3.2-3 and Table 6.3.3.2-4) in Release 18 give a good coverage of RO for all preamble formats. Enhancing Random-access configuration tables in SBFD symbols is not required.  

Discussion on PRACH repetition 
In the study of NR RACH coverage enhancements [7], PRACH repetitions showed 3.7 dB to 5.2 dB improvement in coverage for 4 GHz with 2 repetitions on the same beam. With 2 repetitions and with different beam, RACH repetition showed 2.5 dB improvement for rural deployment. As there is improvement in RACH coverage performance, PRACH repetition should be allowed in SBFD symbols as well. This do not require any change in the PCI. 
Proposal 14: PRACH repetition should be allowed in the SBFD symbols. RACH repetition do not require any change in the PCI.
Random access operation in SBFD symbols for UEs in RRC_IDLE / RRC_INACTIVE mode
Need for Random Access operation in SBFD symbols in RRC_IDLE/ RRC_INACTIVE mode

Consider the use case of 4 SSB beams and PCI of 158 in the mid band of FR1 as shown in Figure 3. To send RACH a UE (SBFD aware of non SBFD UE) has to wait for 30ms. But if RACH is allowed in the SBFD sub band, the random-access latency can be brought down to 10ms as shown in Figure 4.  Also, the functionality needed for random access in RRC_IDLE/RRC_INACTIVE mode is not significantly different from CBRA of RRC_CONNECTED. Hence, we propose to have Random access operation in RRC_IDLE/ RRC_INACTIVE mode. 

Proposal 15: Allow Random Access operation in SBFD symbols for UE’s in RRC_IDLE/RRC_INACTIVE mode.

On supporting Random Access operation in SBFD symbols
To support Random access operation in SBFD symbols, independent configuration of RACH from non SBFD symbols is recommended. This needs additional RACH configuration for SBFD symbols in SIB message. But the traditional SSB-RO mapping rule is sufficient, and it will not have impact on non SBFD UEs. RACH power control parameters (explained in section 2.5), separate PCI are required to be sent in SIB message.

Proposal 16: Separate PCI and separate RACH power controls parameters need to be provided in SIB message for RRC_IDLE/ RRC_INACTIVE mode SBFD UEs.
Proposal 17: If initial RACH fails in SBFD symbols for a UE in RRC_IDLE/RRC_INACTIVE, then the UE shall attempt RACH transmission in non SBFD symbols.
FFS: How to indicate the failure of RO in SBFD symbols after a successful RO in non-SBFD symbol 

Conclusion
Observation 1: Current specification on PRACH Configuration Index [3], if extended to SBFD, allows RO configuration across SBFD and non SBFD symbols.
Observation 2: In Release 18, there is no RO frequency validation rule.
Observation 3: Having independent RO (PCI configuration) will be more beneficial than reusing the existing PCI with RO rule, as it gives option of supporting different preamble formats, different FDMs.
Observation 4: MCL of RACH <  MCL of PUSCH.

Proposal 1: A valid RO can be across SBFD and non-SBFD symbols in the same slot or across slots (hence we support Option 2).
Proposal 2: If RO is extended to non SBFD slot, a single contiguous UL transmission PRBs occupying RACH PRB must be split by allocating UL transmission grant to different UEs or by blanking the PRBs that are occupying RO.
Proposal 3: There should be independent RO configurations (PCI) for SBFD symbols and non SBFD symbols.
Proposal 4: Reuse the existing SSB-to-RO mapping rule for each of the separate RO configurations.
Proposal 5:  The valid ROs shall follow the SS/PBCH block in the PRACH slot. 
Proposal 6:  No change is required in “Ngap” symbols. 
Proposal 7: New rule is required for SBFD aware UE to transmit RACH in both SBFD RO and non SBFD RO.
Proposal 8: SBFD UE will attempt PRACH transmission first in the SBFD RO only. If RACH attempts cross the maximum allowed steps, then only SBFD UE will attempt RACH transmission in RO of non SBFD symbols.  
Proposal 9: If RACH attempt in SBFD RO is unsuccessful, allocating UL resource for the UE in SBFD sub band can be further investigated.
Proposal 10: Different PRACH preamble formats shall be allowed in SBFD symbols to maximise the benefit of RACH transmission.
Proposal 11: Separate PRACH power control parameters are required for RACH operation in SBFD symbols.
Proposal 12: RACH parameters on Preamble Received Target Power, Maximum Preamble Transmission and Power Ramping Step can have different configuration values in SBFD symbols from that of non SBFD RACH configurations. 
Proposal 13: The existing tables (Table 6.3.3.2-3 and Table 6.3.3.2-4) in Release 18 give a good coverage of RO for all preamble formats. Enhancing Random-access configuration tables in SBFD symbols is not required.  
Proposal 14: PRACH repetition should be allowed in the SBFD symbols. RACH repetition do not require any change in the PCI.
Proposal 15: Allow Random Access operation in SBFD symbols for UE’s in RRC_IDLE/RRC_INACTIVE mode.
Proposal 16: Separate PCI and separate RACH power controls parameters need to be provided in SIB message for RRC_IDLE/ RRC_INACTIVE mode SBFD UEs.
Proposal 17: If initial RACH fails in SBFD symbols for a UE in RRC_IDLE/RRC_INACTIVE, then the UE shall attempt RACH transmission in non SBFD symbols.
FFS: How to indicate the failure of RO in SBFD symbols after a successful RO in non-SBFD symbol 
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