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[bookmark: _Ref134976538]Introduction
A new WID on Duplex Evolution was agreed in RAN#102 in [1], including objectives related to the support of random access in SBFD symbols: 
	· 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
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Additionally, the following has been captured in TR 38.858 [2] with the summary of the discussions about support of random access in SBFD symbols: 
	Random access in SBFD symbols is studied in RAN1. If random access is allowed in SBFD symbols for SBFD-aware UEs, it may potentially reduce the random access latency, reduce the PRACH collision probability and/or improve the coverage of PRACH and Msg3. These aspects were not fully evaluated in RAN1. PRACH and Msg3 transmissions in UL subband in SBFD symbols may cause UE-to-UE CLI. The system performance impact is not evaluated in RAN1. Specification impact is expected to allow random access in SBFD symbols at least for PRACH and Msg3 transmissions in symbols configured as DL in TDD-UL-DL-ConfigCommon.



This document presents Nokia’s views on the SBFD operation to support random access in SBFD symbols in RRC_CONNECTED, RRC_IDLE, and RRC_INACTIVE states. Section 2 discusses the aspects that are particular to the study on random access in RRC_IDLE. In Section 3, the aspects that are common to random access in RRC_CONNECTED, RRC_IDLE, and RRC_INACTIVE are discussed. Finally, in Section 4 5, we present the conclusions. 
[bookmark: _Ref157069633]Support of SBFD in RA for RRC_IDLE mode
The following conclusion was made in RAN1 #116,
	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 (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.



Support of random access in SBFD symbols for UEs in RRC_IDLE/INACTIVE mode was discussed in RAN1#116b, however, agreement wasn’t achieved.
In Section 2.1 we discuss the latency benefit, in Section 2.2 the cell coverage enhancement and extension, and in Section 2.3 the CLI.
Initial access delay reduction
Support of initial access in UL subband has been discussed in RAN1 since the beginning of the SI. No agreement has been reached so far, despite most of the companies are in favor of studying potential benefits and enhancements for initial access in UL subband. 
One example in which both legacy and SBFD UEs are configured with the same PRACH configuration index is shown in Figure 1, in which an initial access timeline is shown, in 4-step RACH for an SBFD UE (timeline in blue) and a legacy UE (timeline in orange). In this example, we show a DL heavy frame configuration. We assume that both UEs are ready to transmit PRACH by subframe 0 in the first frame. For simplicity in the figure, all processing delays are equal to 3 slots. In this example, we assume PRACH configuration index 108, where RACH occasions are available in subframe 1,3,5,7,9, with only one PRACH slot available in a subframe and a SCS of 30 kHz.
· Msg 1 is sent in the first available RO. The first available RO for the SBFD UE occurs in subframe 1 while the first available RO for the legacy UE occurs in subframe 9. 
· Msg 2: is sent in the first available PDCCH, 
· Msg3: is sent in the first UL opportunity after Msg 2.
· Msg4: is sent in the first DL opportunity, after Msg 3.
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[bookmark: _Ref159233162]Figure 1 – Example of initial access delay for SBFD and Legacy UEs.
In this example, the total delay from slot 0 until Msg4 is sent is 8 ms for the SBFD UE and 17 ms to the legacy UE. Though this figure oversimplifies the initial access delay, here we can see the aspects that impact it: 
· PRACH configuration index, which determines the subframes that contain a RACH occasion (RO)
· The frame format, which determines which PRACH occasions are valid, and in which slots it is possible to send the different messages related to PRACH. 

Assuming only the PRACH configurations with more than 4 subframes available in each frame, and repeat this exercise while also considering different PRACH configurations, processing times at the UE and gNB SSB periodicity and randomize the starting point in which both the SBFD UE and legacy UE are ready to send PRACH (starting point can be any slot from slot 0 to slot 40 – 2 full frames), we obtain the following results:
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	[bookmark: _Ref159233350]Figure 2 – (a) Example of initial access delay, SBFD UEs and Legacy UEs (b) initial access delay difference between SBFD UEs and Legacy UEs


Figure 2(b) shows that in 50% of the cases, a delay reduction of 3 slots is achieved when comparing a DXXXU configuration and DDDSU configuration. In 90th percentile, a delay reduction of 10 slots is observed. When considering retransmissions, this reduction can be even more accentuated. 
As shown in the example above, enabling PRACH transmission in SBFD symbols can reduce initial access delay.
[bookmark: _Toc166276224]Observation 1. Allowing SBFD aware UEs to send PRACH and Msg3 in SBFD symbols can result in a decrease in latency of at least 2 slots, and at most 18 slots when compared to static TDD DDDSU, even if no additional source of delays, such as repetitions, are considered.

Initial Access cell coverage extension and enhancement.
If the same latency is considered, using SBFD symbols for random access would increase the number of ROs and thus increase the number of repetitions for Msg1. With the increased number of Msg1 repetitions, significant gain can be achieved. Indeed, as shown in [5] (Figure 2), about 5 dB gain can be achieved if Msg1 is repeated 3 more times in FR2.
[bookmark: _Toc166276225]Observation 2.  If the same latency is considered, using SBFD symbols for random access would increase the number of ROs and thus increase the number of repetitions for Msg1. With the increased number of Msg1 repetitions, significant gain (~5dB) can be achieved.
In addition, in [3], a link budget study shows that a mid-band TDD using a 3.65 GHz spectrum (n78) could support a UL coverage greater than 20km. However, due to the limitation of the PRACH preamble design, the maximum achievable cell range is 4.6 km for a short preamble format (C2) in initial access. This cell range could be increased with the long format preamble to reach a maximum of ~57.4 km (long preamble format 1), but in mid-band TDD, this is not feasible due to the limitation on the time duration of the uplink (e.g., 0.5ms in DDDSU pattern) and a preamble format 1 require a time duration greater than 1ms. To overcome this limitation, in [3], it shown that using multiple consecutive SBFD slots can support a longer RACH occasion without modifying the TDD pattern; hence, longer preamble formats can be applied with the support of the SBFD symbols in initial access.
[bookmark: _Toc166276226]Observation 3. Supporting consecutive SBFD symbols in initial access for PRACH transmission can increase the overall cell coverage range.
[bookmark: _Toc166276227]Observation 4. SBFD symbols make the long PRACH preambles support feasible, enabling the cell to serve the UEs outside the short PRACH preamble range. Without SBFD support for initial access operation, some UEs cannot access the cell.
Moreover, in [3], it was also shown that using SBFD slots in initial access can enhance the coverage by 3 or 6 dB by employing the Msg3 repetition, which also demands SBFD slots. This gain seems to be aligned with the performance evaluation done on Msg3 repetition in the SI for coverage enhancement in Rel-17 [4] (gain between 2 and ~7 dB).
[bookmark: _Toc166276228]Observation 5. Supporting SBFD symbols in initial access for Msg3 repetition can enhance the UL coverage up to 3dB or 6dB.
Besides, using the SBFD symbols for PRACH, it can be assumed that not all SBFD UEs will compete for PRACH occasions with legacy UEs, leading to less collisions and less power used for retransmissions.
[bookmark: _Toc166276229]Observation 6. Allowing SBFD aware UEs to send PRACH in SBFD symbols can reduce the number of collisions for sending PRACH since SBFD aware UEs would not necessarily be competing for PRACH resources with legacy UEs.
[bookmark: _Toc166276230]Observation 7. Enabling initial access in SBFD symbols can increase the PRACH capacity, PRACH coverage, as well as reduce initial access delay.
CLI in RRC_IDLE
Concerning PRACH CLI, we do not see an essential difference between RA in RRC_CONNECTED and RRC_IDLE/RRC_INACTIVE mode. Restricting RA in SBFD symbols to only connected mode with CFRA procedure might look like allowing the gNB, to some extent, to control the random access transmissions and the CLI. The control could occur through the PRACH mask index in PDCCH order that indicates the allowed RO or RO set for CFRA. However, this configuration does not allow a full control of the CFRA preamble transmissions since it is up to the UE to choose the RO from the combinations indicated by the PRACH mask index. In addition, as discussed in Section 2, restricting the RA to only CFRA would be quite limiting since some RA triggers in RRC_Connected mode support only CBRA procedure (e.g., UL Out of sync, SR failure, …). Besides, another way for better CLI control in connected mode could in principle be based on dynamic (group common or dedicated) signalling e.g. switching temporarily off some or all SBFD ROs or by controlling the PRACH maximum power. However, such a dynamic control seems complex to specify and to utilize in practice.
[bookmark: _Toc166276231]Observation 8. Unless RA utilization of SBFD symbols is limited to CFRA only or dynamic control is introduced for the RO validity in SBFD symbols, there is no difference in CLI between RA in RRC_Idle and RRC_Connected mode.
The effect of CLI due to contention based PRACH transmissions was evaluated in [6] and [7] of RAN1 #116 by system level simulations in multiple environments. The results in these two studies were similar showing modest DL TP loss even when conditions were set unfavorable: Large DL packet size, known to maximizing the loss was selected, PRACH transmission rate was reasonable, and the target for preamble received power was set 20dB or even 40dB [7] larger than needed for 1% misdetection probability.
Based on the preliminary results in [6] and [7], CLI mitigation schemes for CBRA may be unnecessary. However, we list below some schemes that may be applied with both RRC connected and idle mode UEs (not utilized in the simulations in [6] and [7]): 
· Separate PRACH maximum power limits can be configured for PRACH resources in SBFD and in UL symbols. If the initial or ramped up preamble power would exceed the SBFD threshold, UE starts to use the ROs in the UL symbols. The PRACH power control is discussed more in Section 4.3.
· Schedule preferably only UEs with small PL to SBFD symbols with ROs. Those UEs can tolerate higher CLI. 
· Scheduling can be done considering SSB to RO mapping: CLI from a RO is minimized if the scheduled UE does not locate in the beams of the SSBs mapped to the RO.
[bookmark: _Toc166276232]Observation 9. As observed in the sections 3.1, and 3.2, the support of SBFD operation in RRC_IDLE/INACTIVE mode for random access reduces the random access latency, reduces the PRACH collision probability, improve the coverage of PRACH and Msg3 and extend the cell range coverage. Besides, the UE-to-UE CLI caused by PRACH transmission in UL subband in SBFD symbols is insignificant as described above.
[bookmark: _Toc166276235]Proposal 1. RAN1 supports SBFD operation in RRC_IDLE/INACTIVE mode for initial access.
SBFD for RA in RRC_CONNECTED and RRC_IDLE modes
Prior to discussing the different topics, it is essential to mention that a unified solution for RRC_CONNECTED and RRC_IDLE should be one of the objectives of the RAN1 working group. Even though the RRC_IDLE is under study, we should not drop the RRC_IDLE from the picture, mainly when no such difference is found between RRC_IDLE and RRC_CONNECTED. Seeking a unified solution will reduce redundant discussions from future meetings and have less impact on the specification.
[bookmark: _Toc166276236]Proposal 2. RAN1 to strive for a unified solution for RRC_IDLE and RRC_CONNECTED modes, which would help reducing redundant discussions for future meetings and having less specification impacts.
Configuration of RACH occasions (ROs) on SBFD symbols
[bookmark: _Hlk165282450]During the RAN1#116-bis meeting, multiple agreements and one working assumption were made regarding the RACH configuration. Following, we discuss the working assumption based on some of the agreements.
	Agreement
For Option 1 (i.e., use one single RACH configuration with possible enhancement) to support random access operation for SBFD-aware UEs in RRC CONNECTED state, consider the following alternatives to derive the time and frequency resources of the configured ROs in SBFD symbols. 
· Alt 1-1: only based on the existing parameters of the single RACH configuration (e.g., prach-ConfigurationIndex, msg1-FDM and msg1-FrequencyStart in rach-ConfigCommon). 
· FFS the details
· FFS: Alt 1-2: based on the existing parameters of the single RACH configuration (e.g., prach-ConfigurationIndex, msg1-FDM and msg1-FrequencyStart in rach-ConfigCommon) and newly introduced parameter(s). 
Agreement
For Option 1 (i.e., use one single RACH configuration with possible enhancement) to support random access operation for SBFD-aware UEs in RRC CONNECTED state, no separate prach-ConfigurationIndex to be configured in this option.
Agreement
For Option 1 (i.e., use one single RACH configuration with possible enhancement) to support random access operation for SBFD-aware UEs in RRC CONNECTED state, use existing random access configurations tables for unpaired spectrum (i.e., Table 6.3.3.2-3 for FR1 and Table 6.3.3.2-4 for FR2 in TS38.211).
Working Assumption
[bookmark: _Hlk165645842]For SBFD-aware UEs in RRC CONNECTED state, both RACH configuration Option 1 with Alt 1-1 (i.e., use one single RACH configuration, and only based on the existing parameters of the single RACH configuration) and RACH configuration Option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration) are supported. Enabling both options at the same time for a UE is not supported.
· For Option 1 with Alt 1-1, FFS whether/how to reinterpret msg1-FrequencyStart in rach-ConfigCommon, RO validation rules and SSB-RO mapping rules, etc.
· For Option 2, FFS the RO validation rules, SSB-RO mapping rules, whether all the parameters currently in rach-ConfigCommon are necessary to be included in the additional RACH configuration, etc.
UE is not required to support both options.



The working assumption presents two different options that SBFD-aware UEs can support. In the following, we address the advantages and disadvantages of each option and the application that best fits each option.
Option 1 Alt 1-1:
· Advantages: 
· Low complexity and signaling overhead.
· Disadvantages:
· Time and frequency resource restrictions: 
· Frequency restriction: Since the legacy and the SBFD-aware UEs have the same frequency allocation for the ROs (e.g., same msg1-FDM, msg1-FrequencyStart). The legacy UEs will be constrained by the SBFD-aware UEs UL subband. Otherwise, the SBFD ROs will overlap with the DL-subbands.
· Time restriction: The legacy and the SBFD-aware UEs have the same time allocation (legacy PRACH-ConfigurationIndex for unpaired spectrum). The legacy PCIs are designed for ROs to overlap with the UL-only slot, which will limit the number of SBFD ROs. 
· Restriction on cell range extension: due to applying the same PCI for the SBFD and legacy ROs, extending the cell range might be challenging due to the limited support of the long PRACH format in sparse UL resources.
· Same PRACH Power Control Parameters: Besides prach-ConfigurationIndex, msg1-FrequencyStart, and other parameters, legacy RACH Configuration also include PRACH power control parameters which are applied on legacy ROs. If same power control parameters are applied to SBFD ROs, then this may cause CLI to another UE which is physically near and receiving in DL.
· Application:
· This option best fits when the SBFD aware UEs are distributed in homogeneous cell range with SBFD and legacy ROs have similar RACH configurations for time and frequency resources.
Option 2:
· Advantages: 
· Flexible Time and frequency resource allocation: since two separate RACH configurations are indicated for SBFD-aware and legacy UEs. Hence, the legacy UEs are not constrained by the SBFD-aware UE UL subband, and the PCI of the legacy UEs does not constrain the SBFD-aware UEs' time domain resources.
· Cell range extension: Option 2 can support two different PCIs, one for legacy ROs and the other for the SBFD ROs. With the second PCI, the problem mentioned in Section 2.2 for sparse UL resources in the TDD pattern can be solved where the first PCI supports short length PRACH format for legacy UEs and the second PCI supports the long length PRACH format on the SBFD ROs for the SBFD-aware UEs. Hence, The SBFD-aware UE outside the short PRACH format range can access the NW using the long PRACH format. Besides, due to the support of two PRACH format with different lengths, SBFD aware UEs have the possibility to select the suitable ROs format based on its location, e.g., SBFD-aware UE uses the SSB-RSRP measurement to select the suitable PRACH format length.
· Indication on the cell with SBFD support: The presence of the additional RACH configuration would indicate for a UE performing initial access that the cell supports SBFD operation.
[bookmark: _Toc166276237]Proposal 3 For Option 2, in case two RACH configurations with two different PRACH formats lengths, SBFD aware UEs selects the best PRACH format length configured by the legacy or the additional RACH configuration for the initial access based at least on SSB-RSRP threshold(s) . Details FFS.
· Disadvantages: 
· Signaling overhead: Due to support of two RACH configurations, Option 2 presents some overhead specially when redundant information is to be found in these RACH configurations.
· PCI design: Similar to Option 1, the legacy PCIs are designed for ROs to mostly overlap with the UL-only and/or flexible slots, that will limit the number of SBFD ROs. Hence, some enhancements are needed on the existing PCI tables.
· ROs overhead: With Option 2, SBFD-aware UEs might simultaneously be configured with short PRACH format ROs (legacy ROs) and long PRACH format ROs (additional ROs). However, even though the SBFD-aware UE supports short and long PRACH formats, the UE selects only one set of ROs (Legacy or additional) is required by this UE for initial access, and the second RO set will be overhead on the UE since the SBFD-aware UE will be in the long or short PRACH format range.
· Application:
· This option best fits when the SBFD aware UEs are distributed between two different cell ranges.

The signaling overhead in Option 2 might be reduced by a simple/straightforward enhancement. For example, 
Figure 3 shows the first RACH configuration (legacy) with the legacy msg1-FDM and the additional RACH configuration with msg1-FDM-SBFD. However, the two parameters have the same value; therefore, in this case, only one is required.
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[bookmark: _Ref165975667]
Figure 3 Legacy ROs and additional ROs with the same value for msg1-FDM and msg1-FDM-SBFD

[bookmark: _Toc166276238]Proposal 4 For Option 2, in case the legacy ROs and the additional ROs have the same value for one of the RACH configuration parameters. Only the legacy RACH configuration will be configured with this parameter.
[bookmark: _Toc166276239]Proposal 5 For Option 2, in case the SBFD aware UEs did not receive a dedicated parameter in the additional RACH configuration, the SBFD-aware UEs determine this dedicated parameter from the legacy RACH configuration.
Based on our previous analysis of the two options, Option 2 provides time/frequency resource flexibility and cell range extension for sparse UL resources TDD pattern. However, this flexibility and cell extension comes at the cost of signaling overhead and, in some applications, at the cost of ROs overhead (simultaneous support of long and short PRACH format). With Option 1, such overhead is avoided but at the price of time/frequency resources flexibility. We understand that each option aims at a different application with different requirements and configurations. Therefore, these options can both be supported for RRC-CONNECTED and RRC-IDLE modes.

[bookmark: _Toc166276240]Proposal 6 RAN1 confirms the work assumption “For SBFD-aware UEs in RRC CONNECTED state, both RACH configuration Option 1 with Alt 1-1 (i.e., use one single RACH configuration, and only based on the existing parameters of the single RACH configuration) and RACH configuration Option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration) are supported. Enabling both options at the same time for a UE is not supported.
· For Option 1 with Alt 1-1, FFS whether/how to reinterpret msg1-FrequencyStart in rach-ConfigCommon, RO validation rules and SSB-RO mapping rules, etc.
· For Option 2, FFS the RO validation rules, SSB-RO mapping rules, whether all the parameters currently in rach-ConfigCommon are necessary to be included in the additional RACH configuration, etc.
UE is not required to support both options.” 


PRACH configuration index enhancement
The following agreement was made in RAN1#116-bis concerning the PRACH-ConfigurationIndex for RACH configuration Option 2:
	Agreement
For RACH configuration Option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration) to support random access operation for SBFD-aware UEs in RRC CONNECTED state, and for interpretation of the parameter prach-ConfigurationIndex provided by the additional RACH configuration,
· For FR2, consider from the following alternatives:
· Alt 1: use existing random access configurations table for unpaired spectrum (i.e., Table 6.3.3.2-4 in TS38.211) 
· FFS whether to introduce new parameter(s) to determine the slot number for ROs in SBFD symbols.
· Alt 3: Introduce new entries on top of existing random access configurations table for unpaired spectrum (i.e., Table 6.3.3.2-4 in TS38.211)
· For FR1, consider from the following alternatives:
· Alt 1: Use existing random access configurations table for unpaired spectrum (i.e., Table 6.3.3.2-3 in TS38.211) 
· FFS whether to introduce new parameter(s) to determine the subframe number for ROs in SBFD symbols.
· Alt 2: Use existing random access configurations table for paired spectrum/supplementary uplink (i.e., Table 6.3.3.2-2 in TS38.211)
· Alt 3: Introduce new entries on top of existing random access configurations table for unpaired spectrum (i.e., Table 6.3.3.2-3 in TS38.211)



In the following we present the advantages and the drawbacks of each of the alternatives for FR2 and FR1:
PRACH configuration index for FR2:
Considering the tables for the PRACH configuration index for the FR2 unpaired spectrum (Table 6.3.3.2-4 in TS 38.211), the time domain resources (slot indices) were designed with the target of the uplink slot in the TDD pattern. The 60KHz SCS slot numbers were selected to map towards the 120KHz SCS UL slots of the TDD-DL-UL pattern.
Figure 4 shows an example for the PRACH configuration index (PCI) “0” with the PCI slots were designed to match the UL slots of one of the most used TDD patterns, “DDDSU.” Moreover, this matter is not related to a special preamble format, where it is shown that for all preamble format there is a similar slot configuration to match the UL slots in the TDD-DL-UL pattern (e.g., PCI= {29,59, 89, 112,144,173}). Considering that, for SBFD aware UEs the number of SBFD ROs will be limited and some enhancements are required. Two alternatives were proposed in the last meeting agreement:
[image: ]
[bookmark: _Ref165975785]Figure 4 PRACH configuration index (PCI) “0” for FR2 unpaired spectrum.
Alt1:
· Advantages:
· Minimum specification impact.
· Minimum signaling overhead: This can be achieved with the enhancement on Option 2 highlighted in Section 3.1, when the legacy and the SBFD ROs has the same PCI, only the legacy RACH configuration will be configured with the PCI parameter.
· Drawbacks:
· Number of SBFD ROs will be limited, since the slots were designed to overlap only with the UL slots of the TDD-DL-UL pattern.
Considering the drawback, a simple solution might be introducing a new bitmap parameter to override the slot number in the PCI and validate new PRACH slots that overlap with the DL slots.
Figure 9 shows a bitmap {1,0,1,1,1} that overrides the PCI “0” slot number. In this example, only slot numbers 0 to 9 are present, with 4 and 9 valid slots from the PCI configuration. With the override of the bitmap, the new valid slots are 0,2,3,4,5,7,8 and 9, where all the new validated slots overlap with at least one DL slot from the TDD-UL-DL pattern. Moreover, it is shown that the bitmap does not have to cover all the slot numbers since the slot pattern will repeat after a few slots. In this example, the slot pattern repeats after slot number 4, and consequently, the bitmap maps only the slots from “0” to “4” and then repeats from “5” to “9”.[image: ]
[bookmark: _Ref165984626]Figure 5 Bitmap override the slot number for PCI “0” for FR2 unpaired spectrum.
Alt2:
· Advantages:
· SBFD ROs have more time resources flexibility since they do not have to follow the legacy PCIs; instead, new PCI rows are explicitly introduced for the SBFD ROs.
· Drawbacks:
· Specifying new PCI entries takes a lot of effort and time.
· Introducing new entries requires an increase in the number of prach-ConfigurationIndex indices (>255) and consequently signaling overhead.
· The legacy and the SBFD ROs cannot be configured with the same PCI value. Hence, the signaling overhead enhancement shown in Section 3.1 is not applicable to this alternative.

Based on the previous analysis, we think that Alt.1 with the bitmap enhancements provides the best compromise.
PRACH configuration index for FR1:
Following the same analysis of FR2, we think that the best alternative is Alt.1 with new parameter to determine the subframe numbers. The new parameter could also be a bitmap, but for FR1 PCI, the bitmap overrides the subframe number instead of the slot number.
Error! Reference source not found. shows a bitmap {1,0,1,1,1} that overrides the PCI “94” subframe number. In this example, only subframe numbers 4 and 9 are valid from the PCI configuration. With the override of the bitmap, the new valid subframes are 0,2,3,4,5,7,8 and 9, where all the new validated subframes overlap with at least one DL slot from the TDD-UL-DL pattern. Similar to FR2, the bitmap does not have to cover all the subframe numbers since the subframe pattern will repeat after a few subframes. In this example, the subframe pattern repeats after subframe number 4, and consequently, the bitmap maps only the subframes from “0” to “4” and then repeats from “5” to “9”.
[image: ]
Figure 6 Bitmap override the subframe number for PCI “94” for FR1 unpaired spectrum.
[bookmark: _Toc166276241]Proposal 7. For RACH configuration Option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration) to support random access operation for SBFD-aware UEs in RRC CONNECTED state, and for interpretation of the parameter prach-ConfigurationIndex provided by the additional RACH configuration,
· For FR2, use existing random access configurations table for unpaired spectrum (i.e., Table 6.3.3.2-4 in TS38.211) with a bitmap indicating the slot numbers for ROs in SBFD symbols. 
· Details are FFS.  
· For FR1, use existing random access configurations table for unpaired spectrum (i.e., Table 6.3.3.2-3 in TS38.211) with a bitmap indicating the subframe numbers for ROs in SBFD symbols. 
· Details are FFS.  

Usage of the ROs in SBFD symbols
Two sets of ROs and Msg3 enhancement:
An SBFD-aware UE is aware of two sets of valid ROs, namely, the legacy set of ROs located in UL or flexible symbols and the new set of ROs located in the SBFD symbols. Such separation allows gNB to interpret additional information based on the ROs set. Indeed, given that the new set of ROs can be used only by SBFD-aware UE, this would allow gNB detecting UE’s SBFD awareness based on the selected RO. Such an early detection would be useful in case of initial access also for the allocation of PUSCH resources for Msg3, which could be configured in SBFD symbols for the UEs supporting SBFD. In addition, if the SBFD-aware UEs are restricted to use the new set only when they are in coverage shortage, the gNB can schedule Msg3 with repetitions and higher transmit power for the UEs that have selected RO from the new ROs set.
[bookmark: _Toc166276233]Observation 10. By separating the ROs in UL-only slots and the new ROs in the SBFD slots in two sets, gNB could interpret additional information from a UE (e.g., SBFD-aware capability, coverage condition) based on the selected ROs set and enhance Msg3.
[bookmark: _Toc166276242]Proposal 8. A SBFD-aware UE indicates its capability, if needed, by selecting RO from a set of ROs in SBFD symbols.   
Msg1 repetitions:
In RAN1#116 meeting, the following agreement was made:
	Agreement
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.


Msg1 repetition is a feature specified in Rel-18 for UL coverage enhancement. Since SBFD is known as a feature that also help improving UL coverage thanks to the extra UL resources in UL sub-band of SBFD symbols, it’s a natural consequence to let Msg1 to be repeated in the extra UL resources as well. This would help either 1) further improving UL coverage by allowing more repetitions within a same period of time, or 2) reducing the latency of the repetitions by exploiting the extra UL resources for a same number of repetitions.
On whether PRACH repetition across SBFD symbols and non-SBFDs symbol should be supported or not, RAN1 should strive to have a unified conclusion as in AI 9.3.1 on whether repetitions of other UL channels (PUSCH, PUCCH) are allowed across SBFD symbols and non-SBFDs symbol or not. In this regard, the benefit of splitting repetitions in SBFD symbols and repetitions on non-SBFD symbols for SBFD-ware UEs is unclear. In contrast, such splitting may further introduce unnecessary implementation issues and specifications efforts. Indeed, in such case both gNB and UE may need to handle two groups of repetitions and UE behaviors on handling the counting of the repetitions should also be unnecessarily changed. It’s worth noting that whether an RO can span across SBFD and non-SBFD symbols or not should be separately discussed. Therefore, we propose the following:
[bookmark: _Toc166276243]Proposal 9. For SBFD aware UEs, PRACH with repetition is supported in SBFD symbols. PRACH repetitions can span across ROs in SBFD symbols and ROs in non-SBFDs symbols.

Association between SSB indices and the ROs in SBFD symbols
Concerning the SSB-to-ROs mapping for the SBFD ROs, the following agreements were made in RAN1#116bis:
	Agreement
For SBFD-aware UEs in RRC CONNECTED state, and for RACH configuration Option 1 with Alt 1-1 (i.e., use one single RACH configuration, and only based on the existing parameters of the single RACH configuration),
· For the legacy-ROs, including the ROs in non-SBFD symbols and the ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon (if any), the legacy SSB-RO mapping is followed.
· For the ROs in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon, separate SSB-RO mapping will be used
Agreement
For RACH configuration Option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration) to support random access operation for SBFD-aware UEs in RRC CONNECTED state, down-select (in RAN1#117) from the following alternatives:
· Alt 2-3: 
· The additional-ROs in non-SBFD symbols configured by additional RACH configuration are invalid for SBFD-aware UEs.
· FFS: The case where the additional-ROs partially overlap with non-SBFD symbols 
· Alt 2-4: 
· The additional-ROs in non-SBFD symbols configured by additional RACH configuration can be valid for SBFD-aware UEs.
For the legacy-ROs configured by legacy RACH configuration, the legacy RO validation rules and the legacy SSB-RO mapping rules are followed for SBFD aware UEs.



From the above agreements, the following observations can be noted:
For RACH configuration Option 1: The legacy SSB-to-RO mapping is applied for the legacy ROs. In addition, separate SSB-to-RO mapping will be applied for SBFD ROs. However, it’s unclear whether the legacy mapping rule is used for the separate SSB-to-RO mapping or a new mapping rule is to be introduced. For this reason, the following alternatives exist and need to be further discussed/confirmed:
· Alt. 1: Legacy SSBs to ROs mapping rules are used separately on the SBFD ROs. 
· Alt. 2: Legacy SSBs to ROs mapping rules are used to continue the mapping for SBFD-ROs starting from the SSB index/indices associated with the latest legacy RO (i.e., previous legacy RO with highest frequency index).
· Alt. 3: For each frequency index, applying the same SSB index/indices of the latest legacy RO for the SBFD-RO.
Figure 7 illustrates the above 3 alternatives assuming that the legacy ROs are mapped first using legacy mapping rules. This example considers the ROs are FDM in 4 frequency index, 8 SSB beams and each is mapped to 1 RO. Each of the above alternative has its own advantage. Indeed,
· the advantage of Alt. 1 is to treat independently legacy and SBFD ROs, which appears to be a simpler option in both implementation and specification impacts.
· The advantage of Alt. 2 is that it can distribute the SSB indices more uniformly in time domain, and thus helps SBFD-aware UEs to approach faster to an RO with preferred SSB index.
· The advantage of Alt. 3 is to offer more ROs with the same SSB index in a short period, and thus useful for Msg1 repetition, if the latter is supported. 
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[bookmark: _Ref162280323]Figure 7. Illustration of potential alternatives for SSB-to-RO mapping rules for SBFD ROs.

From the above observations and analyses, the following is proposed:
[bookmark: _Toc159230096][bookmark: _Toc166276244]Proposal 10. For RACH configuration Option 1, RAN1 to confirm whether new SSB-to-RO mapping rule is introduced or not by down-selecting one of the following alternatives:
· Alt. 1: Legacy SSBs to ROs mapping rules are used separately on the SBFD ROs. 
· Alt. 2: Legacy SSBs to ROs mapping rules are used to continue the mapping for SBFD-ROs starting from the SSB index/indices associated with the latest legacy RO (i.e., previous legacy RO with highest frequency index).
· Alt. 3: For each frequency index, applying the same SSB index/indices of the latest legacy RO for the subsequent SBFD-RO(s).

For RACH configuration Option 2: The legacy SSB-to-RO mapping rules are followed for mapping the legacy ROs. In addition, given that two separate ROs configurations are provided, separate SSB-to-RO mapping can absolutely be applied on the two ROs configurations using legacy mapping rules. The motivation for adding new SSB-to-RO mapping rules for RACH configuration Option 2 is unclear.
[bookmark: _Toc166276234]Observation 11 For RACH configuration Option 2, separate SSB-to-RO mapping can be applied on the two ROs configurations using legacy mapping rules. The motivation for adding new SSB-to-RO mapping rules for RACH configuration Option 2 is unclear.

Additional ROs in non-SBFD symbols
	Agreement
For RACH configuration Option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration) to support random access operation for SBFD-aware UEs in RRC CONNECTED state, down-select (in RAN1#117) from the following alternatives:
· Alt 2-3: 
· The additional-ROs in non-SBFD symbols configured by additional RACH configuration are invalid for SBFD-aware UEs.
· FFS: The case where the additional-ROs partially overlap with non-SBFD symbols 
· Alt 2-4: 
· The additional-ROs in non-SBFD symbols configured by additional RACH configuration can be valid for SBFD-aware UEs.
1 For the legacy-ROs configured by legacy RACH configuration, the legacy RO validation rules and the legacy SSB-RO mapping rules are followed for SBFD aware UEs.




Legacy RACH configuration is used to configure ROs in UL slots (non-SBFD symbols), which could be utilized by both legacy UEs, and SBFD-aware UEs. As both legacy UEs, and SBFD-aware UEs compete for the same RACH resources, it increases the chances of collision, and may result in random access failure.  However, through additional RACH configuration, besides configuring ROs in UL subband, additional ROs could be configured in UL slots (non-SBFD symbols) for SBFD-aware UEs. This provides the advantage to SBFD-aware UE to transmit PRACH with less chances of collision. At the same time, when SBFD-aware UE transmits PRACH in this additional RO configured in non-SBFD symbol, gNB deduces that this is SBFD-aware UE, and could schedule MSG3 in SBFD symbols and may result in less delay during random access process. 
[bookmark: _Toc166276245]Proposal 11 For RACH configuration Option 2, RAN1 considers additional-ROs in non-SBFD symbols configured by additional RACH configuration as valid ROs for SBFD-aware UEs.

3.6  Power ramping
In RAN1#116-bis, there was following initial proposal related to PRACH power control parameters for RACH Configuration option 2.
Initial proposal 1-3-2 (open):
For RACH configuration Option 2, for PRACH transmission of SBFD aware UEs in RRC CONNECTED state, support separate PRACH power control parameters configuration in SBFD symbols and non-SBFD symbols.
· FFS details, e.g., preamble target receive power, power ramping step size, etc

In here, we discuss the PRACH power control parameters which are provided to UE in separate/additional RACH Configuration
Once a valid RO is determined, the UE derives the transmit power for the Msg1 transmission based on the configured preambleReceivedTargetPower parameter. Such parameter is first handled by the MAC layer (TS 38.321, Clause 5.1.3) where a preamble-specific power offset DELTA_PRAMBLE is added, and the resulting received target power is finally forwarded to the physical layer (TS 38.213, Clause 7.4) to be used for the Msg1 transmission. In particular, the UE determines a transmission power for the PRACH as defined in TS 38.213 clause 7.4: P_prach = min(P_cmax, P_prach_target + PL), where
· Pcmax is the UE configured maximum output power 
· PL is the pathloss compensation based on the DL RS (SS/PBCH block) associated with the PRACH transmission and calculated by the UE in dB 
· P_prach_target is the PRACH target reception power

After transmitting Msg1, UE waits for the network feedback (RAR/Msg2) and in case no feedback is received, the UE performs a second transmission attempt of Msg1 after applying a back-off period with a power ramping. If UE does not receive network feedback (RAR/Msg2), it continues transmitting Msg1 with power ramp up until the UE receives RAR/Msg2 or reaches Pcmax, i.e., the UE configured maximum output power.
Considering that SBFD slots can be significantly different than UL slots in terms of frequency resource availability, number of available time slots, SINR, CLI conditions, etc., it is reasonable to specify separate transmit power and power ramp up parameters for Msg1 transmissions in SBFD-ROs compared to legacy ROs.
Depending on whether the RACH occasion (RO) is a legacy RO (in UL slot) or SBFD RO (in SBFD slot), the UE uses RACH configuration parameters accordingly, including the corresponding preambleReceivedTargetPower value. Additional or separate RACH configuration can be provided with a maximum possible UE output power parameter P_prach_max or maximum path loss threshold parameter PL_max to the serving cell, related to SBFD ROs.
To avoid CLI, conservative P_prach_max or PL_max is provided in additional RACH configuration associated with SBFD ROs, e.g. to limit the UE transmission power to only 20 dBm (or less) even if the UE can support up to 23 dBm. If the derived UE transmission power from TS 38.213 (P_prach) exceeds P_prach_max, the UE does not transmit Msg1 in SBFD ROs but transmits Msg1 in legacy ROs according to RACH configuration parameters for legacy ROs. Similarly, if the PL_max is provided in the additional RACH configuration, and the DL path loss measured at the UE (PL) is less than PL_max, then UE is allowed to transmit Msg1 in SBFD ROs. Otherwise, UE transmits Msg1 in legacy RO according to RACH configuration parameters for legacy ROs. 
If the Msg1 transmission in SBFD RO fails, i.e., the UE does not receive a Random Access Response (RAR) and the RAR timer has expired, the UE performs the power ramping up procedure and proceeds to determine a new RO for Msg1 transmission. If the new RO is in the SBFD slot, then Msg1 is transmitted according to the provided additional RACH configuration parameters for SBFD RO. Otherwise, Msg1 is transmitted in legacy RO according to RACH configuration parameters for legacy RO. If P_prach_max is configured in the additional RACH configuration and if, after applying PREAMBLE_POWER_RAMPING_STEP, the UE transmit power exceeds P_prach_max for SBFD RO, the UE may delay the transmission of the Msg1 to the next legacy RO and apply RACH configuration parameters accordingly. 
[bookmark: _Hlk166028904][bookmark: _Toc166276246]Proposal 12. RAN1 to considers a separate power configuration for Msg1 transmissions on SBFD symbols.
1. [bookmark: _Toc159229933][bookmark: _Toc159230097][bookmark: _Ref157069718]Conclusion
In this contribution, the following observations are noted:
Observation 1. Allowing SBFD aware UEs to send PRACH and Msg3 in SBFD symbols can result in a decrease in latency of at least 2 slots, and at most 18 slots when compared to static TDD DDDSU, even if no additional source of delays, such as repetitions, are considered.
Observation 2.  If the same latency is considered, using SBFD symbols for random access would increase the number of ROs and thus increase the number of repetitions for Msg1. With the increased number of Msg1 repetitions, significant gain (~5dB) can be achieved.
Observation 3. Supporting consecutive SBFD symbols in initial access for PRACH transmission can increase the overall cell coverage range.
Observation 4. SBFD symbols make the long PRACH preambles support feasible, enabling the cell to serve the UEs outside the short PRACH preamble range. Without SBFD support for initial access operation, some UEs cannot access the cell.
Observation 5. Supporting SBFD symbols in initial access for Msg3 repetition can enhance the UL coverage up to 3dB or 6dB.
Observation 6. Allowing SBFD aware UEs to send PRACH in SBFD symbols can reduce the number of collisions for sending PRACH since SBFD aware UEs would not necessarily be competing for PRACH resources with legacy UEs.
Observation 7. Enabling initial access in SBFD symbols can increase the PRACH capacity, PRACH coverage, as well as reduce initial access delay.
Observation 8. Unless RA utilization of SBFD symbols is limited to CFRA only or dynamic control is introduced for the RO validity in SBFD symbols, there is no difference in CLI between RA in RRC_Idle and RRC_Connected mode.
Observation 9. As observed in the sections 3.1, and 3.2, the support of SBFD operation in RRC_IDLE/INACTIVE mode for random access reduces the random access latency, reduces the PRACH collision probability, improve the coverage of PRACH and Msg3 and extend the cell range coverage. Besides, the UE-to-UE CLI caused by PRACH transmission in UL subband in SBFD symbols is insignificant as described above.
Observation 10. By separating the ROs in UL-only slots and the new ROs in the SBFD slots in two sets, gNB could interpret additional information from a UE (e.g., SBFD-aware capability, coverage condition) based on the selected ROs set and enhance Msg3.
Observation 11 For RACH configuration Option 2, separate SSB-to-RO mapping can be applied on the two ROs configurations using legacy mapping rules. The motivation for adding new SSB-to-RO mapping rules for RACH configuration Option 2 is unclear.
In addition, the following are proposed:
Proposal 1. RAN1 supports SBFD operation in RRC_IDLE/INACTIVE mode for initial access.
Proposal 2. RAN1 to strive for a unified solution for RRC_IDLE and RRC_CONNECTED modes, which would help reducing redundant discussions for future meetings and having less specification impacts.
Proposal 3 For Option 2, in case two RACH configurations with two different PRACH formats lengths, SBFD aware UEs selects the best PRACH format length configured by the legacy or the additional RACH configuration for the initial access based at least on SSB-RSRP threshold(s) . Details FFS.
Proposal 4 For Option 2, in case the legacy ROs and the additional ROs have the same value for one of the RACH configuration parameters. Only the legacy RACH configuration will be configured with this parameter.
Proposal 5 For Option 2, in case the SBFD aware UEs did not receive a dedicated parameter in the additional RACH configuration, the SBFD-aware UEs determine this dedicated parameter from the legacy RACH configuration.
Proposal 6 RAN1 confirms the work assumption “For SBFD-aware UEs in RRC CONNECTED state, both RACH configuration Option 1 with Alt 1-1 (i.e., use one single RACH configuration, and only based on the existing parameters of the single RACH configuration) and RACH configuration Option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration) are supported. Enabling both options at the same time for a UE is not supported.
Proposal 7. For RACH configuration Option 2 (i.e., Use two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration) to support random access operation for SBFD-aware UEs in RRC CONNECTED state, and for interpretation of the parameter prach-ConfigurationIndex provided by the additional RACH configuration,
Proposal 8. A SBFD-aware UE indicates its capability, if needed, by selecting RO from a set of ROs in SBFD symbols.
Proposal 9. For SBFD aware UEs, PRACH with repetition is supported in SBFD symbols. PRACH repetitions can span across ROs in SBFD symbols and ROs in non-SBFDs symbols.
Proposal 10. For RACH configuration Option 1, RAN1 to confirm whether new SSB-to-RO mapping rule is introduced or not by down-selecting one of the following alternatives:
Proposal 11 For RACH configuration Option 2, RAN1 considers additional-ROs in non-SBFD symbols configured by additional RACH configuration as valid ROs for SBFD-aware UEs.
Proposal 12. RAN1 to considers a separate power configuration for Msg1 transmissions on SBFD symbols.
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