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1. Introduction
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]According to the WID [1], the random access issues are planned to discuss both connected mode and non-connected modes as a study item for a while. Furthermore, in the previous meeting, the productive discussions were made and the following guidelines are suggested in the minute. In this contribution we share our view following the suggested way forward.
	· 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
	For future meetings
In RAN1#116bis meeting, at least the following issues will be discussed:
· Whether to support random access in SBFD symbols for UEs in RRC_IDLE/INACTIVE mode.
· Details of the two options for configuring ROs for SBFD aware UEs in RRC CONNECTED mode, including RO validation rules, SSB-RO mapping rules, whether/how to allow SBFD aware UE and non-SBFD aware UE to use different PRACH preamble formats.
· Whether/how to support separate PRACH power control parameters configuration in SBFD symbols and non-SBFD symbols.
· Whether/how to enhance the existing random access configuration tables for unpaired spectrum.
· Whether/how to support PRACH repetition.





2. Discussion
2.1. Connected mode RA
	Working assumption: (116b)
For SBFD aware UEs in RRC CONNECTED state, support CBRA and CFRA in SBFD symbols.


In the previous meeting, the working assumption tells both CBRA and CFRA are supported in SD symbols. Some CFRA can be triggered by using CBRA resources in UL symbols according to the current specification. If either CBRA or CFRA supports preamble transmission on SD symbols, then the UE has to derive multiple sets of ROs which introduces complexity. 
[bookmark: _Ref163064868]Proposal 1: Confirm the working assumption, i.e., support both CBRA and CFRA in SBFD symbols for connected UEs.

	Agreement: (116b)
For random access operation for SBFD-aware UEs in RRC CONNECTED state, at least consider the following options:
· Option 1: Use one single RACH configuration with possible enhancement
· The ROs within UL subband in SBFD symbols can be valid for SBFD-aware UE
· FFS: Further details
· Option 2: Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration
· The ROs within UL subband in SBFD symbols configured by the additional RACH configuration can be valid for SBFD-aware UE
· FFS: Further details


If a connected UE is indicated a TDD symbol allocation, then the UE knows whether or not ROs on SD symbols are valid. Since the legacy specification supports ROs on UL symbols only, we propose to allow ROs in the SD symbols only. We could assign a feature of SBFD, and configure additional RACH configuration for the feature. This set of ROs for the feature should be defined only on SD symbols. The valid ROs can be defined following the same principle in the legacy specification. The details would be discussed in this work item. Basically valid RO should be included in the UL REs, i.e., UL subband in SD symbols. The switching/transient time of SBFD operation between UL and DL can be applied for SSB and RO. Then the serving gNB can assign an additional RACH config for this feature. 
[bookmark: _Ref159236125]Proposal 2: Support a set of ROs on SBFD symbols in UL subbands.
[bookmark: _Ref159236126]Proposal 3: Support an additional RACH configuration for SBFD operations, i.e., support at least Option 2 above.
The bandwidth of the UL subband in SD symbols would be smaller than the UL BWP. We think even SD symbols may have ROs but the required ROs are not sufficient yet. If a UE chooses a set of ROs on SD symbols only, then the UE may not use ROs on UL symbols. Thus, if the UE may use both SD symbols and UL symbols for at least CFRA, as suggested by Option 1, then the latency of RA can be minimized. 


	Agreement (116b)
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.


The legacy specification support valid ROs in only semi-static UL symbols, and detailed validity conditions should be further clarified. Regarding the agreement above, Option 1 confines ROs in the single duplex type, and Option 2 allows ROs in different duplex types. We note that both options should test frequency resource of the RO for validity.
[bookmark: _Ref163072804]Proposal 4: The validity test introduces frequency resource of an RO in SD symbols.
Option 1 can directly extend the current validity rule to SD symbols, where non-SD symbols such as FL or UL symbols. We prefer to determine as a valid RO if SBFD operation is configured, otherwise as an invalid RO. 
Option 2 can be further clarified. In a case that an RO can consist of SD/FL/UL symbols, we can check whether frequency resource of this RO is within the UL subband. Since non-UL symbols have not been valid in the previous release, we have to extend the valid condition to incorporate at least ROs both in SD symbols and in UL subband. Simply we can check for only SD symbols, and non-SD symbols may be valid if UL subband includes the RO. Moreover, we can think of an example, i.e., a single duplex type of symbols consists of an RO. If non-SD symbols are FL symbols, then this RO would be considered as valid provided that UL subband of FL symbols can be identical to UL subband of SD symbols.
[bookmark: _Ref163072807]Proposal 5: Further discuss whether or how to support ROs with only non-SBFD symbols.
  
According to the TR 38.858, a gNB can be implemented by changing or not changing Rx chain distribution network in the SD/non-SD symbol boundary. In this case, this serving gNB may or may not maintain phase continuity in the duplex boundary. We may discuss whether this Rx chain distribution network affects the RO validity or not even its frequency resource in SD symbols are within the UL subband.
[bookmark: _Ref163064873]Proposal 6: Further discuss whether or how to support ROs with only non-SBFD symbols.

	Agreement (116b)
For SBFD aware UEs in RRC CONNECTED state, at least PRACH without repetition is supported in SBFD symbols.
· FFS PRACH repetition in SBFD symbols.
· FFS PRACH repetition across SBFD symbols and non-SBFDs symbols.


A UE in edge of coverage may perform PRACH preamble repetition and the UE has to form an RO group using a chosen set of ROs. If preamble repetition is supported, then the RO group are in only UL symbols according to the current specification, or the RO group are in possibly only SD symbols in the SBFD system if an enhancement is made. We think that this issue is closely related to the other issue of whether/how to support Msg1 in SD symbols. A single RO can have both SD symbols and UL symbols, which is another issue of study. Each preamble may be within an SD symbols only or within an UL symbols only, which is not captured directly in the previous agreement. In our view, we can discuss after issues about a single transmission have a good progress.
[bookmark: _Ref163064876]Proposal 7: Defer the study of preamble repetitions, and resume after issues about a single transmission have a more progress.
[bookmark: _GoBack]We would like to describe our view of preamble repetitions. The Figure 1 illustrates an example of a UL symbol of six ROs. Each RO has two ROs in frequency domain and three RACH slots in time domain. If four SSB indices are configured, then repetition factor two requires at least two slots. Furthermore, in the previous release, a UE has to maintain a same Tx beam during a single RACH attempt so that the UE should store the Tx beam in a memory for a few slots. The UE should not derive or update a Tx beam at each RO. The serving gNB should combine the received samples spanning a few slots. We note that this burdens to implementation. The main cause is the latency in our understanding, and in this perspective, we suggest to study that a single UE may access to both sets of ROs or even union of sets of ROs. This implies that the time domain mapping of SSB-RO should be enhanced. Possible ways of mapping can be firstly map on all UL symbols and secondly on all SD symbols, or mapping distinctly on UL symbols and SD symbols, etc. The potential solution should minimize the specification and implementation impacts by introducing enhanced SSB-RO mapping. Also we prefer to support the preamble repetition for both connected and non-connected modes.


[bookmark: _Ref159230399]Figure 1: Example of an RO group of preamble repetition factor two 

	Agreement(116b)
For SBFD-aware UEs in RRC CONNECTED state, at least further study whether/how to enable Msg2, Msg3 and Msg4 related transmission/reception in SBFD symbols taking into account the following aspects:
· Msg2[/Msg4 PDSCH] reception in DL subband(s)
· Msg3 PUSCH[/Msg4 HARQ-ACK PUCCH] frequency resource allocation and frequency hopping
· Msg3 repetition
· Msg3 PUSCH[/Msg4 HARQ-ACK PUCCH] power control
· FFS whether/how gNB to identify whether a UE is SBFD aware UE or non-SBFD aware UE
Note: Strive to make progress in accordance to the discussion in AI 9.3.1.


The above agreement is a rather way forward to list issues of RA procedure except Msg1. Initially we would like to address that non-connected RA procedure would reuse the same procedure that connected RA procedure supports. We prefer to discuss RA procedure in both modes from the beginning though non-connected RA procedure is not in the normative phase. It is good to check whether different RA procedures for different modes will be supported. Since we prefer a unified design, we propose to remove the bracket for Msg4 related signal/channel.
[bookmark: _Ref163064881]Proposal 8: Strive to design a unified design for both connected and non-connected modes provided that non-connected mode supports SBFD operations, and remove bracket for Msg4.
The PDSCH/PUSCH transmission can be scheduled in our view if its scheduled resources are within DL/UL subband in SD symbols. Some companies observe that control plane latency need no enhancement however we see that the increased UL resources or decreased DL resources can be used for data communications even before contention resolution is not completed.
Msg2 can be dynamically scheduled by RA-RNTI with Type1-PDCCH CSS set, and as long as a UE can decode the DCI the Msg2 can be valid. 
Msg3 can be also considered dynamically scheduled, and its resource assignment is given from RAR UL grant in Msg2. Inappropriate frequency hopping can put outside of a hop of Msg3 in the UL subband of SD symbols during multiple repetitions, but in this case it can be scheduled with no frequency hopping or can be confined within narrowband to ensure both frequency hops of Msg3 are in the UL subband. If Msg3 repetition is indicated, then each Msg3 instance may have SD symbols only or both SD symbols and non-SD symbols, otherwise each Msg3 instance may have alternative shared symbols. We can clarify the validity of Msg3 instance for each case. For CSI trigger, we do not see strong need for enhancement similarly to previous releases. 
If Msg3 repetition is indicated, then a Msg3 instance may also be mapped on SD symbols only or UL symbol only or both SD/UL symbols. We think that the frequency assignments of a single Msg3 instance should not be changed even though bandwidth of UL subband and UL BWP can be different. 
Regarding Msg4, connected RA may not use Msg4 because C-RNTI is already available. However, in our view Msg4 should be discussed with other channels. Type1-PDCCH CSS set can be studied with respect to RA-RNTI according to the way forward in the last meeting, and TC-RNTI based scheduling can be applied by the similar or the same enhancements.
Power control can be further issue of Msg3 and Msg4’s HARQ-ACK. We initially think that an power offset can be applied and two different power levels can be derived. Tx power of an SSB block can have a single value but Msg3 may have two parameter sets where each set corresponds to SD symbols or UL symbols.
On top of those enhancements, we think that legacy approach based on feature combination preamble can be directly applied for idle mode, but we do not think that the distinction of SD-aware/non-aware UEs requires further enhancements. If C-RNTI is available, then the gNB can enable dynamic scheduling and SBFD pattern is already indicated to the UE. Any fallback operation may reuse the legacy TDD operations. We do not see a strong motivation for whether/how to identify SD operating connected UEs.
2.2. Non-connected mode RA
The random access procedure has a related issue with a general principle of UL-DL behavior. The random access involves an SSB (re-)selection, and a RO selection in a set of RO group. The legacy procedure is on DL symbols and UL symbols. For instance, SSB on DL symbols, and ROs on UL symbols are considered. The Type0-/1-PDCCH CSS set is monitored in DL symbols. The RAR UL grant is valid on UL symbols.
In our understanding, a random access procedure is to allow reception and/or transmission on SD symbol. If we allow this, then we would discuss to determine from which step among Type 1 RA on SD symbol is accessible. The Type 2 RA on SD symbol can directly be applicable on top of the outcome.
This agenda has a separate issue of RA for connected mode and RA for non-connected mode. We believe that a unified design between two different modes is beneficial. In our perspective, the profound question is to allow ROs on SD symbols. If ROs are valid only on UL symbols, then we may not have much difference from legacy RA procedure and SBFD operating RA procedure. This is because a set of ROs is derived from the RACH config and SSBs in burst, which are available in the SIB1. Suppose that connected UEs can be provided ROs in SD symbols while non-connected UEs follow legacy RA procedures, which means that additional RACH config is provided for connected RA procedure, provided that enhanced RO can be valid on SD symbols.
In our understanding, the connected UE should be able to derive both sets of ROs because some field for CFRA can indicate to use the RO for CBRA. In addition, a UE may experience abrupt fading change in which case the UE needs access a set of ROs for CBRA. Thus it is beneficial that a UE manages just one set of ROs. This simplifies the complexity because if a UE supports multiple feature combinations, then the UE operating SBFD must derive sets of ROs that are twice as many feature combinations.
[bookmark: _Ref159131093]Proposal 9: Support a unified design between connected mode RA and non-connected mode RA for SBFD UEs if supported.

	Conclusion (116b)
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 (similar to 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 the previous meeting, above conclusions were made, and we need more progress for potential enhancement of non-connected operations. The motivations or gains of introducing this feature were captured and CLI concerns were captured in the same level of details, where CLI concerns were supported by a few companies.
In this meeting, we can discuss which enhancement would be made if this mode of SBFD operation is specified. The idle and inactive state requires to camp on a cell to read some SIBs, and an RA procedure follows the information in the SIB1. In our perspective, the coverage can be defined, for discussion purposes, by the area that the SIB1 and PRACH preamble is reached reliably. It may have different definitions for different duplex modes or slot formats. Once a UE has an RRC connection, many configurations can be supported to improve BLER of a physical channel. 
Regarding the SIB1 coverage, the Type0-PDCCH CSS set/CORESET 0 determines the downlink coverage. A UE decodes SIB1, and can tell a slot pattern and a set of ROs. Regarding the PRACH preamble coverage, the preamble format and/or repetition factor, which are also given in the SIB1.
[bookmark: _Ref163064894]Proposal 10: SIB1 can be enhanced to deliver RACH configurations and SBFD patterns.
In the system perspective, semi-static slot configurations DDDSU are practically feasible. Then, there is a one UL slot to support all UL data services and a legacy RA procedure. Moreover, a preamble format should be limited due to a UL slot constraint and non-long preamble format should be configured, while in the case of FDD, we can configure long preamble format for a few slots to support long distance service. To enhance the uplink coverage, a preamble repetition is introduced. However it has a disadvantage of latency, and this issue is discussed in the previous section. We remark the importance of reducing latency, and it leads to whether to allow a set of ROs on SD symbols. The latency relaxation requires more memory at both UE and gNB.
[bookmark: _Ref163064906][bookmark: _Ref159236118]Proposal 11: Non-connected UEs can access to ROs of both SBFD symbols and non-SBFD symbols.
Using the legacy TDD, an uplink coverage can be increased by relaxing RACH latency and by increasing implementation complexity. Also we have to mention that many other features may require dedicated sets of ROs. Since a feature combination preamble may have additional partition of preambles in a shared RO, the scarcity of ROs in this TDD pattern becomes emphasized. Such features may include RAN slicing, RedCap, SDT, and preamble repetitions. The former features may not consider edge UEs, but the last feature do optimize for edge UEs. Therefore we suggest that the gNB should increase the number of ROs, and the promising way is to define ROs on SD symbols.  
[bookmark: _Ref159236121]Proposal 12: Additional feature combination preamble set can be introduced for SBFD operations.
If non-connected UEs can access ROs on SD symbols, then those UEs should have additional parameters to describe the set of ROs, which can have different parameters from other set of ROs on UL symbols.
For instance, a definition of valid RO should have more conditions. The legacy ROs are tested on time domain only, but the ROs in SD symbol should also have a valid frequency domain. The UL subbands also fully contain the RO. Otherwise, we can configure two FDM factor and each factor corresponds to each symbol type.
For another instance, a power control may have different condition. The power of a preamble is determined by the target power and the path loss estimation. According to the legacy specification, the path loss is fully compensated to enhance the uplink coverage and the path loss reference RS is the chosen SSB. In this context, the preamble on SD symbol may refer to the chosen SSB, but its preamble power and the SSB power may not follow the legacy specification directly. We have to consider crosslink interference between downlink UEs and uplink UEs, and in this interference scenario, downlink UEs may be victims while uplink UEs can be aggressors.
For a case of SSB, the Tx power can be kept same because UEs may not be even camping. However, the preamble power can be reduced because those UEs are at least camping. The detailed mechanism can be clarified during the work item phase if specified.
[bookmark: _Ref159236129]Proposal 13: Introduce distinct parameter sets for ROs on SBFD symbols. 
3. Conclusion
We address our view about supporting random access for SBFD operations.
For connected modes, we suggest the following proposals.
Proposal 1: Confirm the working assumption, i.e., support both CBRA and CFRA in SBFD symbols for connected UEs.
Proposal 2: Support a set of ROs on SBFD symbols in UL subbands.
Proposal 3: Support an additional RACH configuration for SBFD operations, i.e., support at least Option 2 above.
Proposal 4: The validity test introduces frequency resource of an RO in SD symbols.
Proposal 5: Further discuss whether or how to support ROs with only non-SBFD symbols.
Proposal 6: Further discuss whether or how to support ROs with only non-SBFD symbols.
Proposal 7: Defer the study of preamble repetitions, and resume after issues about a single transmission have a more progress.
Proposal 8: Strive to design a unified design for both connected and non-connected modes provided that non-connected mode supports SBFD operations, and remove bracket for Msg4.
For non-connected modes, we suggest the following proposals.
Proposal 9: Support a unified design between connected mode RA and non-connected mode RA for SBFD UEs
Proposal 10: SIB1 can be enhanced to deliver RACH configurations and SBFD patterns.
Proposal 11: Non-connected UEs can access to ROs of both SBFD symbols and non-SBFD symbols.
Proposal 12: Additional feature combination preamble set can be introduced for SBFD operations.
Proposal 13: Introduce distinct parameter sets for ROs on SBFD symbols.
4. References
[bookmark: _Ref146631039][1] RP-234035	New WID: Evolution of NR duplex operation: Sub-band full duplex (SBFD)	CMCC (Moderator, RAN1 VC)
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