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Introduction
3GPP has agreed to specify SBFD operation to support random access in SBFD symbols by UEs in RRC CONNECTED mode, and to study and specify, if justified, SBFD operation to UE in RRC_IDLE/INACTIVE mode for random access [1]. In this contribution, we discuss our further views on these matters.
[bookmark: _Ref178064866]Discussion
RACH operation in RRC_CONNECTED
In RAN1 #116-bis, RAN1 discussed how to extend random access (RA) to SBFD symbols and agreed to the following working assumption [2]:
	Working 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.



In the previous discussions on SBFD random access (RA) different companies had different objectives with SBFD RA. The two main objectives are:
1. Increase PRACH capacity by increasing the number of RACH occasions (ROs) that a SBFD aware UE can use, thereby potentially also decreasing PRACH latency, presumably useful for industrial and enterprise deployments, and
2. Increase PRACH coverage and range by allowing a longer PRACH preamble format, intended for longer range outdoor deployments.
The two objectives are quite different in nature and, depending on the scenario, a certain UE-type is not expected to support both. Depending on the UE type, e.g., eMBB or IoT, one or the other will be supported. In order to support both objectives, RAN1 agreed to the working assumption that both a single and a double RACH configuration should be supported, where the signaling if the single configuration is unchanged whereas the additional configuration allows for more flexibility regarding introducing additional signaling. Although a compromise, the WA allows for both rapid development of an industrial SBFD RACH where only the amount of PRACH needs to change, and a completely different PRACH properties where such are needed. For that reason, and to have progress in a matter that otherwise may be the cause of lengthy discussions, RAN1 should confirm the WA.
[bookmark: _Toc166256775][bookmark: _Hlk120806868]Confirm WA on supporting both a single RACH configuration, only based on the existing parameters of the single RACH configuration, and two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration.
Single RACH configuration
For the single RACH configuration case, the following agreements were made in RAN1 #116-bis [2]:
	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).
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.
· [bookmark: _Hlk165903424]For the ROs in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon, separate SSB-RO mapping will be used.
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 enhancements for the RO validation rule for the ROs in non-SBFD symbols and the ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon (if any). 
· FFS: the ROs in non-SBFD symbols that are valid for non-SBFD aware UEs are also valid for SBFD aware UEs.
· FFS: It’s up to network configuration to ensure the ROs in SBFD symbols configured as flexible by tdd-UL-DL-ConfigurationCommon, which are valid for non-SBFD aware UEs based on legacy RO validation rule, are also valid for SBFD aware UEs (i.e., the configured ROs in SBFD symbols, if configured as flexible by tdd-UL-DL-ConfigurationCommon, are within the UL usable PRBs)
· the RO in SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon is valid if at least:
· Time and frequency resource of the RO are fully within UL usable PRBs, and not overlapped with SSB
· FFS: Other condition.
Note: For the case that all the SBFD symbols configured as downlink by tdd-UL-DL-ConfigurationCommon, there is no restriction that all the configured ROs in SBFD symbols should be within the UL usable PRBs.



For the single RACH configuration, in order to combine legacy ROs, advantageously located at the carrier edge to make better use of the remaining UL resources, with new SBFD ROs, assumed to be located in the center of the carrier, a new interpretation of msg1-FrequencyStart, that for legacy RACH currently indicates an offset for the 1st RO to PRB 0 of the active BWP. A simple solution would be to reinterpret msg1-FrequencyStart to instead indicate an offset of the 1st RO to the UL subband, see left part of Figure 1. However, that implies that legacy ROs are always allocated towards the lower end of the carrier and not the upper end, as is illustrated in middle part, in which case the ROs may even fall outside the UL subband. A more flexible solution would be to introduce a modulus operation such that ROs are wrapped around the UL subband bandwidth as is presented in the right part of Figure 1. Here, the last (brighter) RO is wrapped to the start of the UL subband instead of being invalidated. This solution is a reasonable trade-off between keeping legacy RO configurations and allowing SBFD ROs to reliably end up within the UL subband. Mathematically, this can be expressed as

where  and  is the start of the 1st RO and the start of the UL subband, respectively. The start of the nth RB, , would then be determined as a modulus operation in relation to the number of RBs of the UL subband, less the RO bandwidth,

where the start of the nth RO before and after adjustment is  and , respectively, and the UL subband bandwidth is  and the RO size is , such that all ROs are always fully comprised within the UL subband.


[bookmark: _Ref165883009]Figure 1: Illustration of reinterpreted RO validation rules to match the first PRB of the UL subband instead of PRB 0 of the active UL BWP, for, left, ROs located at the bottom of a carrier, middle, ROs located at the top of a carrier, and right, with an additional RO modulus wrapping confining ROs to within the UL subband.
[bookmark: _Ref165971304][bookmark: _Toc166256776]For ROs within SBFD symbols, msg1-FrequencyStart indicates the offset of the 1st RO in relation to the start of the UL subband. The start of the nth RO is determined by the legacy start of the nth RO modulus of the UL subband less the RO bandwidth such that all ROs are always comprised within the UL subband.
Additional RACH configuration
RAN1 agreed on the following in RAN1 #116-bis [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, 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.
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:
· [bookmark: _Hlk164698029]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:
· [bookmark: _Hlk164698068]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)



One remaining issue relating to the additional RACH configuration is what configuration tables to use. According to previous agreements, either the existing table for unpaired spectrum is used, or new entries may be introduced on top of the existing ones. Additionally, for FR1, the configuration tables for paired spectrum may be used. In our view, the existing tables provide sufficient flexibility for both FR1 and FR2, why Alt. 1 is preferred for both cases. As is evident from Table 6.3.3.2-2 and Table 6.3.3.2-3 in TS 38.211, e.g., for preamble formats 0 and 3, the same number of entries exist in both tables, providing the same amount of flexibility. Any exception from the already specified behavior should be properly justified.
[bookmark: _Toc166256777]The additional RACH configuration uses the existing PRACH configurations tables for unpaired spectrum for both FR1 and FR2, i.e., Table 6.3.3.2-4 and Table 6.3.3.2-3, respectively (Alt. 1).
Closely related to the PRACH configuration tables and left as an FFS in the agreement, is whether any additional functionality is needed to control RO density, considering the PRACH tables have not been designed with the intention of using more than one table at a time. Hence, introducing a second PRACH configuration, or even including additional ROs in a single PRACH configuration, may result in unnecessarily large PRACH overhead. For that reason, it would be sensible to include a mechanism to further restrict the number of ROs such that not all SBFD ROs contained in SBFD symbols and the UL subband are validated. This may be achieved, e.g., by invalidating certain subframes among the set of valid subframes in the PRACH configuration.
[bookmark: _Toc166256778]For the additional RACH configuration, support further RO validation restrictions, e.g., by an RO puncturing bitmap.
In RAN1 #116-bis, it was agreed that a separate SSB-to-RO mapping should be used for the single RACH configuration. There are even stronger reasons why that should be the case for separate PRACH preambles, e.g., backwards compatibility and different configurations, e.g., SCS or power settings. Hence, we propose to use separate SSB-to-RO mapping also for the additional RACH configuration.
[bookmark: _Toc166256779]Use a separate SSB-to-RO mapping for the additional RACH configuration (Option 2).
Also discussed in RAN1 #116-bis is the RO validation rules, where the two alternatives were whether ROs (entirely located) in non-SBFD symbols should be valid or not. Our view is that they should not, for a few reasons. First, there may be collisions with legacy ROs that would need resolution. Second, the need is doubtful, since the additional RACH configuration would already imply more PRACH resources than for legacy, and capacity is not the primary reason for introducing the additional RACH configuration and it would reduce UL capacity. Fourth, UL scheduling would be more complicated since contiguous Type 1 scheduling would not be applicable around the additional ROs in UL symbols, affecting scheduling efficiency. 
[bookmark: _Toc166256780]For RO validation of the additional RACH configuration, ROs in SBFD symbols are valid and ROs in non-SBFD symbols are invalid for SBFD-aware UEs (Alt. 2-3).
In Proposal 2, we propose to reinterpret msg1-FrequencyStart for the single RACH configuration, to relate to the start of the UL subband instead of the start of PRB 0. Specifying the same reinterpretation for the additional RACH configuration would allow it to be configured without needing to provide an additional msg1-FrequencyStart. Hence, we propose to not specify msg1-FrequencyStart for the additional RACH configuration but instead reuse the existing one with the same reinterpretation as for the single RACH configuration.
[bookmark: _Toc166256781]Do not specify an additional msg1-FrequencyStart and instead use the same reinterpretation as for single configuration.
Power control
As we elaborate in Sec. 2.2, the interference levels in an SBFD symbol and an UL symbol may significantly differ. Furthermore, interference levels will differ among SBFD symbols, predominantly depending on DL traffic load for the particular SBFD symbol. Fortunately, the load is known by the gNB since the gNB itself is responsible for it, provided self-interference is the dominant factor. However, that may not always be the case, for which reason a separate power control is sensible. That would allow the network to configure approximately the same detection performance between legacy ROs and SBFD ROs for a base load scenario for the single configuration. Additionally, it allows adjusting detection sensitivity vs range for the additional RACH configuration in the dual RACH configuration option.
[bookmark: _Toc166256782]Support separate power control for SBFD ROs for both single and dual RACH configurations.
Prioritization
Considering the deployment scenario and use case for the single SBFD RACH configuration is industrial and enterprise deployments, considering both capacity and latency bottlenecks, there are good arguments both in favor of and against prioritization. In favor of prioritization is to steer SBFD capable UEs away from sparse legacy RO locations, against prioritization is that for low latency scenarios, a UE should be allowed to use whichever RO it finds most suitable. For that reason, whether any prioritization should be made should be up to network configuration.
For the dual SBFD configuration case, the additional RACH configuration may introduce increased RACH performance in terms of coverage or range. Even for this case it is sensible to allow for some configurability, considering, e.g., assumptions on UE distribution in relation to the range or coverage situation of different UEs. Hence, we propose to support network configuration of prioritization between SBFD and legacy ROs for both the single and dual RACH options.
[bookmark: _Toc166256783]Support configuration of prioritization between SBFD and legacy ROs for both single and dual RACH configurations.
However, we also acknowledge that this area is bordering on RAN2’s responsibilities, which is why RAN1 should be careful with making too far-reaching agreements independent of RAN2.
Repetitions
In RAN1 #116, PRACH repetitions were briefly discussed with the following outcome [3]:
	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.


PRACH preamble repetitions were introduced in Rel-18 to improve cell coverage. In short, it allows for non-coherent combining of a PRACH preamble that is transmitted repetitively in multiple ROs. The number of repetitions is determined from a combination of network configuration and UE measurements. We don’t see any obstacle to include repetitions in the SBFD random access work, but doing so will, in our view, call for some caution on how repetitions are performed.
For the double PRACH configuration case, it is obvious that ROs are limited to ROs associated with the same PRACH configuration. Consequently, repetitions may only take place within SBFD ROs in case the dedicated SBFD PRACH configuration is used and correspondingly for the legacy PRACH configuration.
For the single PRACH configuration case, the situation is a bit more complicated. In our understanding, it is necessary that SSB-to-RO mapping is separated for legacy ROs and SBFD ROs. However, that does not necessarily exclude both sets of ROs being used for PRACH repetitions. Allowing repetitions over both sets of ROs would allow for optimized latency for poor coverage scenarios where repetitions may be useful. On the other hand, it would also put some additional complexity requirements on the gNB where multiple repetition hypotheses would be necessary, to cover both legacy UE repetitions over legacy ROs and SBFD capable UEs transmitting PRACH over both sets of ROs. What is potentially worse, differentiating legacy UEs from SBFD UEs during random access may not be possible, if both legacy UEs and SBFD UE use legacy ROs. Additionally, the gNB may determine that the SINR between the two sets of ROs differs too much, such that repetitions over both sets have a limited use. Hence, power control for the two ROs could be challenging. For that reason, we propose to provide a separate indication whether repetitions should be performed over both sets of ROs or only within a single set of ROs.
[bookmark: _Toc163239638][bookmark: _Toc166256767]Allowing repetitions among legacy and SBFD ROs will require the gNB to handle multiple hypotheses on which ROs are used for repetitions, complicate different power control schemes between legacy and SBFD ROs and may introduce ambiguity in the identification of an SBFD capable UE.
[bookmark: _Toc163239655][bookmark: _Toc166256784]SBFD random access supports PRACH repetitions.
[bookmark: _Toc163239656][bookmark: _Toc166256785][bookmark: _Toc163219935][bookmark: _Toc163133521][bookmark: _Toc163133578][bookmark: _Toc163219936][bookmark: _Toc163133522][bookmark: _Toc163133579][bookmark: _Toc163219937][bookmark: _Toc163219938][bookmark: _Toc163219939][bookmark: _Toc163219942]Repetitions among different RACH configurations is prohibited. Repetitions among SBFD ROs and legacy ROs for the same PRACH preamble format is configurable.
Support of SBFD random access
Even though the network supports SBFD, it may not want to enable SBFD RA. One reason for that may be that SBFD RA may result in additional overhead or maybe the UL subbands are only needed in RRC CONNECTED mode for less mobility sensitive devices. Particularly if IDLE mode RA is supported, the UE needs to know already from reading SIB1 whether SBFD RA is supported, to be able to benefit from it. For the double PRACH configuration, the inclusion of the second configuration in RRC would implicitly also indicate a support for SBFD RA, however for the single RACH configuration case, there would not necessarily be such an indication, not even for RRC_CONNECTED. For that reason, we propose to explicitly indicate whether SBFD RA is supported for the single PRACH configuration.
[bookmark: _Toc163239634][bookmark: _Toc166256768]Even if the network supports SBFD, the additional overhead associated with the introduction of more ROs should not be mandated.
[bookmark: _Toc163239648][bookmark: _Toc166256786]Network enabling of SBFD RACH is indicated in RRC for the single RACH configuration.
Msg2, 3, 4
RAN1 #116 briefly discussed Msg2, Msg3 and Msg4 and the following agreement was the outcome of the discussion [3]:
	Agreement
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.


In our view, it is not evident that there is a need for any specification work for Msg2, 3, 4 in DL/UL subbands. Neither coverage nor range will be helped by it, latency and capacity will only marginally be improved. Hence, any additional work should be justified before RAN1 starts to blindly specify its functionality.
[bookmark: _Toc163239667][bookmark: _Toc166256787]RAN1 to discuss the justification of DL/UL subband support for Msg2, 3, 4.
With the assumption that RAN1 still will undertake some work with Msg2, 3, 4, in our understanding, Msg2 and Msg4 are both scheduled with DCI, the specification of which is handled in AI 9.3.1. Potentially, if Type 1 scheduling is used, there may be a need for further enhancements pending on the outcome from the specification work in AI 9.3.1. However, from a RACH perspective, it is inefficient and irresponsible to do any such enhancements prior to the general enhancements have been agreed in AI 9.3.1. Hence, at this point, we do not see a need for further specification work apart from what is undertaken in AI 9.3.1. 
Msg3 and Msg4 HARQ-ACK PUCCH are both not scheduled with DCI, instead the UL grant resides within the PDSCH. Similar to the above, it is difficult to discuss RACH-specific enhancements ahead of the general specification work ongoing in AI 9.3.1.
Regarding Msg3 PUSCH repetitions, it is our understanding that this will also be discussed in AI 9.3.1, for which reason, at this point there is no need for further RACH specific discissions.
[bookmark: _Toc163239668][bookmark: _Toc166256788][bookmark: _Toc163219957][bookmark: _Toc163219958][bookmark: _Toc163219959][bookmark: _Toc163219960][bookmark: _Toc163219961][bookmark: _Toc163219962][bookmark: _Toc163219963][bookmark: _Toc163219964][bookmark: _Toc163219965]For RACH-specific enhancements of Msg2, 3, 4, await further progress in AI 9.3.1.
[bookmark: _Ref165895843]RACH operation in RRC_IDLE/INACTIVE
RO locations to support RRC_IDLE
Random access in RRC_IDLE is a key function since without it, there is no way for a UE to connect to the network. Within the RA procedure, PRACH is a the single most important step since this is when the network becomes aware of the UE trying to make contact. Subsequent messaging is less critical since the specification includes functionality for mitigation of dropped packages. PRACH performance is also a key parameter in cell planning since it defines cell coverage in RRC_IDLE. Hence, without a consistent and predictable PRACH, it may not be possible for UEs to connect to the network or for operators to do proper cell planning.
[bookmark: _Toc166256769]For a UE in RRC_IDLE there is no alternative to PRACH to connect to the network. Consistent and predictable PRACH performance is hence fundamental to network operation and planning.
In order to support RRC_IDLE, it is important that the network can configure ROs that will provide, not only a robust detection performance but also a consistent and predictable detection performance in the gNB. In our previous contribution, we demonstrated the difference in detection performance for format B4 ROs spanning only UL symbols, ROs spanning both SBFD and UL symbols and ROs spanning only SBFD symbols, for low loads. The leftmost part of Figure 2 repeats these results for format 0 whereas the rightmost figure presents the corresponding format 0 results for high loads. As is evident from the figure and valid for both load levels, in relation to the gold standard of using ROs in only UL slots (blue line), ROs combining SBFD symbols with UL symbols will result in a vastly better detection performance using a non-coherent MRC-like detector  (red dashed line) compared to equal gain combining in ROs comprised of SBFD symbols either in combination with UL symbols or not (solid red line and green line, respectively).
[bookmark: _Toc166256770]Detection sensitivity is substantially higher for ROs composed of SBFD and UL symbols using MRC-like non-coherent combining, compared to ROs composed of only SBFD symbols.
[image: ]   [image: ]
[bookmark: _Ref165979204]Figure 2: Performance results for PRACH format 0 for (left) low network loads, and (right) high network loads. For a missed detection rate of 10-2, false alarm rate of 10-3 and a low load, the difference in detection performance between the mixed SBFD and UL symbols using non-coherent combining (red dashed line) and MRC-like combining and SBFD symbols using equal gain combining (green solid line) is 15 dB. The corresponding figure for high load is approximately 24 dB.
Now, instead considering the consistency and predictability of the different RO alternatives in Figure 2, i.e., the performance difference between low and high loads, gives another indication on how useful the respective ROs can be for a cell-defining signal like PRACH. In Table 1 we show the SNR values for a missed detection rate of 10-2, for low and high loads respectively, and the difference between the two. Here too, the ROs composed of SBFD and UL symbols show a very consistent and predictable performance, only weakly related to load (2 dB difference) whereas ROs composed of only SBFD symbols show a much stronger relation between load and detection performance (11 dB difference).
[bookmark: _Toc166256771]Detection performance, and thereby cell coverage, in ROs composed of SBFD and UL symbols using MRC-like non-coherent combining has a much weaker dependency on network load compared to ROs composed of only SBFD symbols.
[bookmark: _Ref165982395]Table 1: Difference in PRACH detection performance between low load and high load networks for a missed detection rate of 10-2. There is a 1 dB difference in detection rate between low and high load for coherent detection in UL only symbols. For non-coherent MRC-like combining of mixed SBFD and UL symbols, the difference is 2 dB. For equal gain combining of SBFD and UL symbols, and SBFD symbols only, the difference is 11 dB.
	RO composition/detection
	Low load
, [dB]
	High load
, [dB]
	Difference High-Low
, [dB]

	UL only (‒ϴ‒)
	-9
	-8
	1

	SBFD/UL, MRC-like (--x--)
	-7
	-5
	2

	SBFD/UL, equal gain (‒□‒)
	7
	18
	11

	SBFD only, equal gain (‒*‒)
	8
	19
	11



Figure 3 illustrates the difference in cell coverage resulting from a 6 dB and 12 dB difference in detection sensitivity for free space propagation. A 6 dB difference amounts to a difference in cell coverage of four times whereas a 12 dB difference amounts to a difference of sixteen times. These large differences make any cell planning all but impossible and may cause severe PRACH CLI in gNBs with shared PRACH resources.
[bookmark: _Toc166256772]SBFD symbols differ to UL symbols in that network load will significantly affect PRACH performance, and, consequently, cell coverage if applied in RRC_IDLE.


[bookmark: _Ref165982963]Figure 3: Effect on cell coverage depending on different PRACH reception sensitivity. A 6dB difference may result in up to x4 cell area coverage difference and a 12 dB difference may amount to a difference in cell coverage of x16.
In RAN1 #116-bis, some companies expressed worries that ROs mixing SBFD symbols and UL symbols would inflict requirements on UEs. Since the above detection use non-coherent combining between SBFD and UL symbols, there is no phase coherency requirement on the UE. In fact, the above simulations were performed with a random phase between the two segments Furthermore, unless RAN1 decides otherwise, the same frequency resources will be used for both segments, since that is legacy behavior. Finally, unless RAN1 agrees differently, the same transmit powers would be used for the two segments, further simplifying UE behavior.
The above discussion leads us to the question on whether RA in RRC_IDLE/INACTIVE should be supported for SBFD. As we have shown above, key network performance parameters would be severely dependent on network load and interference, making cell planning all but impossible. It is our view that it would be irresponsible to support RRC_IDLE/INACTIVE operation under such conditions. However, if RAN1 can agree to use ROs resulting in consistent and predictable PRACH detection performance, we have no problems supporting RA in RRC_IDLE/INACTIVE. For that reason, we propose the following:
[bookmark: _Toc166256789]Support SBFD ROs spanning both SBFD symbols and UL/F symbols with the following conditions:
a. [bookmark: _Toc166256790]The same frequency resources are used for both the SBFD segment and UL/F segment of the PRACH.
b. [bookmark: _Toc166256791]The same transmit power is used for both the SBFD and UL/F segments of the PRACH.
c. [bookmark: _Toc166256792]There are no phase coherency requirements on the UE between the SBFD and UL/F segments of the PRACH.
[bookmark: _Toc166256793]Support RRC_IDLE/INACTIVE provided consistent and predictable PRACH detection performance can be achieved.
Network identification of SBFD UEs
One issue associated with RRC_IDLE operation is whether and how the network identifies the UE as an SBFD capable UE. For the sake of argument, we assume that IDLE mode SBFD RACH is supported since otherwise the network will know from capability signaling. Consequently, the need for identifying an SBFD capable UE prior to capability signaling is only relevant to leverage Msg2,3,4 by using SBFD resources. As presented earlier in this contribution, the need for that is not apparent to us and should first be agreed.
[bookmark: _Toc163239642][bookmark: _Toc166256773]Identifying SBFD capable UEs before capability signaling is only needed for leveraging Msg2,3,4 by use of SBFD resources.
Still, assuming that early identification is anyway beneficial, one proposal that has been presented is to use preamble partitioning to differentiate legacy UEs from SBFD capable UEs. In our view, this is an undesirable solution for the simple reason that preamble partitioning is already over utilized and RACH risks decreased performance should additional use be introduced.
[bookmark: _Toc163239643][bookmark: _Toc166256774]PRACH preamble partitioning is already over utilized and should not be used for SBFD capability identification.
Depending on network configuration and deployment, forcing SBFD capable UEs to exclusively use SBFD ROs could be a feasible solution. One objection to that, however, would be that this may not be suitable for all configurations or deployments.
Another alternative is that UEs adhere to either legacy RACH or SBFD RACH, depending on whether a SBFD RO or legacy RO is selected for the preamble. That is, a SBFD capable UE transmitting the preamble in a legacy RO will assume legacy operation also for Msg,2,3,4. If the network has a need to steer SBFD capable UEs to only use SBFD ROs, this can be solved through configuration of the SBFD PRACH, forcing the UE to a specific behavior.
[bookmark: _Toc163239670][bookmark: _Toc166256794]The selected PRACH RO (SBFD or legacy) determines whether the UE follows the legacy or an SBFD-specific RACH procedure for Msg2, 3, 4.
Conclusion
In the previous sections we made the following observations: 
Observation 1	Allowing repetitions among legacy and SBFD ROs will require the gNB to handle multiple hypotheses on which ROs are used for repetitions, complicate different power control schemes between legacy and SBFD ROs and may introduce ambiguity in the identification of an SBFD capable UE.
Observation 2	Even if the network supports SBFD, the additional overhead associated with the introduction of more ROs should not be mandated.
Observation 3	For a UE in RRC_IDLE there is no alternative to PRACH to connect to the network. Consistent and predictable PRACH performance is hence fundamental to network operation and planning.
Observation 4	Detection sensitivity is substantially higher for ROs composed of SBFD and UL symbols using MRC-like non-coherent combining, compared to ROs composed of only SBFD symbols.
Observation 5	Detection performance, and thereby cell coverage, in ROs composed of SBFD and UL symbols using MRC-like non-coherent combining has a much weaker dependency on network load compared to ROs composed of only SBFD symbols.
Observation 6	SBFD symbols differ to UL symbols in that network load will significantly affect PRACH performance, and, consequently, cell coverage if applied in RRC_IDLE.
Observation 7	Identifying SBFD capable UEs before capability signaling is only needed for leveraging Msg2,3,4 by use of SBFD resources.
Observation 8	PRACH preamble partitioning is already over utilized and should not be used for SBFD capability identification.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Confirm WA on supporting both a single RACH configuration, only based on the existing parameters of the single RACH configuration, and two separate RACH configurations, including one legacy RACH configuration and one additional RACH configuration.
Proposal 2	For ROs within SBFD symbols, msg1-FrequencyStart indicates the offset of the 1st RO in relation to the start of the UL subband. The start of the nth RO is determined by the legacy start of the nth RO modulus of the UL subband less the RO bandwidth such that all ROs are always comprised within the UL subband.
Proposal 3	The additional RACH configuration uses the existing PRACH configurations tables for unpaired spectrum for both FR1 and FR2, i.e., Table 6.3.3.2-4 and Table 6.3.3.2-3, respectively (Alt. 1).
Proposal 4	For the additional RACH configuration, support further RO validation restrictions, e.g., by an RO puncturing bitmap.
Proposal 5	Use a separate SSB-to-RO mapping for the additional RACH configuration (Option 2).
Proposal 6	For RO validation of the additional RACH configuration, ROs in SBFD symbols are valid and ROs in non-SBFD symbols are invalid for SBFD-aware UEs (Alt. 2-3).
Proposal 7	Do not specify an additional msg1-FrequencyStart and instead use the same reinterpretation as for single configuration.
Proposal 8	Support separate power control for SBFD ROs for both single and dual RACH configurations.
Proposal 9	Support configuration of prioritization between SBFD and legacy ROs for both single and dual RACH configurations.
Proposal 10	SBFD random access supports PRACH repetitions.
Proposal 11	Repetitions among different RACH configurations is prohibited. Repetitions among SBFD ROs and legacy ROs for the same PRACH preamble format is configurable.
Proposal 12	Network enabling of SBFD RACH is indicated in RRC for the single RACH configuration.
Proposal 13	RAN1 to discuss the justification of DL/UL subband support for Msg2, 3, 4.
Proposal 14	For RACH-specific enhancements of Msg2, 3, 4, await further progress in AI 9.3.1.
Proposal 15	Support SBFD ROs spanning both SBFD symbols and UL/F symbols with the following conditions:
a.	The same frequency resources are used for both the SBFD segment and UL/F segment of the PRACH.
b.	The same transmit power is used for both the SBFD and UL/F segments of the PRACH.
c.	There are no phase coherency requirements on the UE between the SBFD and UL/F segments of the PRACH.
Proposal 16	Support RRC_IDLE/INACTIVE provided consistent and predictable PRACH detection performance can be achieved.
Proposal 17	The selected PRACH RO (SBFD or legacy) determines whether the UE follows the legacy or an SBFD-specific RACH procedure for Msg2, 3, 4.
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