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Introduction
The following is agreed as part of the scope of the Rel-19 WI on Evolution of NR Duplex Operation [1]. 
	· 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


[bookmark: _Hlk510705081]In this contribution, we provide our views on contention-free and contention-based random access in SBFD symbols by UEs in RRC CONNECTED mode. In addition, we discuss issues on allowing random access operation in SBFD for UEs in RRC_IDLE/INACTIVE mode 
Discussion
Random Access Operation in RRC CONNECTED Mode
In this section we discuss issues with random access operation in RRC_CONNECTED mode on SBFD symbols. First, we discuss potential issues with existing PRACH validation rules. Then, we outline enhancements for Contention-Free random access (CFRA) and Contention-Base random access (CBRA) when applied in SBFD symbols. 
PRACH Occasion Validation  
In the current specification, a time domain validation rule exists for PRACH occasions, which restricts valid PRACH occasions to only uplink symbols when a UE is provided with the parameter tdd-UL-DL-ConfigurationCommon. To enable random access operation for UEs in RRC_CONNECTED mode, this restriction must be relaxed – to allow a SBFD-aware UE to transmit PRACH on symbols indicated as SBFD symbols. 
In addition, due to the different resource availability on SBFD and non-SBFD symbols some configured PRACH occasions may overlap with downlink resources on SBFD symbols. Therefore, a new frequency domain validation rule is required to ensure that valid PRACH occasions are confined within the uplink subband on SBFD symbols.    
[bookmark: _Ref158996740][bookmark: _Ref158996564]Observation 1: Existing time domain validation rules does not allow PRACH transmission on SBFD symbols.  
[bookmark: _Ref158996744][bookmark: _Ref158996616]Observation 2: Due to the different resource availability on SBFD and non-SBFD symbols some configured PRACH occasions may overlap with downlink resources on SBFD symbols
[bookmark: _Ref158997064]Proposal 1: Define new time/frequency domain validation rules for PRACH occasions on SBFD symbols  
· A PRACH occasion is valid if it is within UL symbol or UL subband of SBFD symbols 
Contention-Free Random Access 
In the current specification, the network can instruct UEs to perform CFRA using either dynamic signaling via a PDCCH Order (by DCI Format 1_0) or dedicated RRC signaling. 
CFRA Initiated by PDCCH Order  
In the case of where CFRA is initiated by a PDCCH Order, the DCI indicates to the UE a specific PRACH preamble index and a corresponding SSB index to use for PRACH transmission – which allows the UE to avoid PRACH collisions. The associated SSB index enables the UE to determine the PRACH occasions to use for the CFRA procedure, i.e., the UE can only use PRACH occasions that are associated with the signalled SSB index. Finer instruction on usable PRACH occasions is signalled by the DCI using the parameter PRACH Mask Index, which serves as a pointer to a table. In this case, PRACH (Msg1) transmission is completely under gNB control and can therefore be safely applied on SBFD symbols.  
After transmitting PRACH the UE receives random access response (RAR or Msg2) from the gNB. Both the PDCCH carrying the resource allocation for Msg2 and the PDSCH allocation for Msg2 can be directly applied on SBFD symbols since both resources are allocated on a single slot. The gNB has the flexibility to allocate resources on both SBFD and non-SBFD slots.
The CFRA procedure is considered as successful after the UE successfully decodes the RAR. The procedure does not require contention resolution, i.e., no need for Msg3 transmission.  
[bookmark: _Ref158996763]Observation 3: For CFRA initiated by PDCCH Order, PRACH (Msg1) transmission is completely under gNB control and can be safely applied on SBFD symbols.  
[bookmark: _Ref158996783]Observation 4: Both the PDCCH carrying the resource allocation for Msg2 and the PDSCH allocation for Msg2 can be directly applied on SBFD symbols. 
CFRA Initiated by RRC Dedicated Signaling   
The higher layer parameter RACH-ConfigDedicated provides the parameter CFRA which configures PRACH occasions and the associated SSB and/or CSI-RS indexes to be used for CFRA procedure. The UE selects one of the configured PRACH occasions and transmit the corresponding PRACH preamble. Dedicated PRACH preambles can be allocated to each SSB index (SSB beam) or CSI-RS indexes (CSI-RS beam), which enables the gNB to determine which beam (PRACH occasion and/or PRACH preamble) was selected by the UE. 
Because the selection of PRACH occasions is up to the UE, there may be some potential issues regarding PRACH (Msg1) transmissions. However, the gNB still has control over which set PRACH occasions are included in the list of possible PRACH occasions for a given UE. Therefore, gNB can configure the list of possible PRACH occasions such that the UE can safely transmit PRACH on SBFD symbols. 
The rest of the CFRA procedure, apart from the initial trigger, is like CFRA initiated by a PDCCH Order. As such, PDCCH carrying the resource allocation for Msg2 and the PDSCH allocation for Msg2 can also be directly applied on SBFD symbols with not issues. Also, Msg3 transmission is not required since there is no need for contention resolution.       
[bookmark: _Ref158996794]Observation 5: For CFRA initiated by dedicated signaling, the gNB can configure the list of possible PRACH occasions such that the UE can safely transmit PRACH on SBFD symbols. 
Contention-Based Random Access 
In the case of CBRA, the network broadcasts the PRACH configuration and the associated SSBs in SIB1. Each UE performing a CBRA procedure can selected any of the configured PRACH occasions, and any of the PRACH preambles associated to the selected PRACH occasion. Contrary to the CFRA case, the network has no control of how and when a UE transmits PRACH. This uncertainty of when UE transmits PRACH, limits the ability of the gNB to mitigate any impact of CLI caused by PRACH transmission.  
However, the exact impact of PRACH transmission on CLI is not clear at this stage, i.e., whether PRACH transmission will have a severe CLI impact or not. Therefore, it is important to access typical PRACH configurations/Formats to determine potential CLI impact. For instance, CLI from PRACH transmission can be expected to be directly correlated with the PRACH leakage, which depends on PRACH bandwidth. Thus, PRACH configurations with smaller bandwidth can lead to low leakage from PRACH transmission – which will result in low CLI.   

For example, long sequence PRACH Formats smaller bandwidths (approximately 1MHz for PRACH Format 0) and can be expected to result in a lower leakage/CLI. However, short sequence PRACH Formats can occupy much larger bandwidths and may have more severe CLI impact. Therefore, PRACH transmission on SBFD symbols can be allowed only for some PRACH configurations.  
In addition, possible CLI from PRACH transmission is directly dependent on the PRACH transmission power. As such, the gNB can configure the UE with a transmit power threshold such that the UE will refrain from transmitting PRACH on SBFD symbols if the configured PRACH transmit power is higher than the predefined power threshold. 
Another way to ensure that CLI from PRACH transmissions is reduced is for gNB to restrict the location of valid PRACH occasions/resources within the uplink subband of SBFD symbols. The gNB can define a new frequency domain validation rule where a PRACH occasion is considered as valid only if it occurs on a set RBs within a defined range of the centre of the uplink subband, (i.e., PRACH occasions close to the uplink subband edge are considered as invalid). Figure 1 shows the impact on CLI for PRACH Format 0 (occupying ~ 1MHz bandwidth) when the PRACH resource allocation at the edge or middle of the uplink subband. It can be seen that, by restricting the PRACH allocation to the middle of the uplink subband, the resultant CLI is negligible compared to CCI.
[image: ]
[bookmark: _Ref159078728]Figure 1: CLI-to-CCI Ratio.

Therefore, to control the impact of CLI caused by PRACH transmission in CBRA, the network can provide predefined rules/instructions on which PRACH occasion can be considered as valid by the UE – examples of such rules are outlined above. 
[bookmark: _Ref158996806]Observation 6: The uncertainty of when UE transmits PRACH in CBRA, limits the ability of the gNB to mitigate any impact of CLI caused by PRACH transmission. 
[bookmark: _Ref158997074]Proposal 2: Define new rules for PRACH transmission on SBFD symbols
· Rule 1: UE can transmit PRACH on SBFD symbols only for certain PRACH configurations 
· Rule 2: UE can transmit PRACH on SBFD symbols only if the PRACH tranmit power is below a defined threshold. 
· Rule 3: UE can transmit PRACH on SBFD symbols only if the PRACH occasion is close to the centre of the uplink subband. 
After transmitting PRACH the UE receives random access response (RAR or Msg2) from the gNB. The configuration for the reception of Msg2 is similar for CBRA and CBRA. Thus, both the PDCCH and PDSCH resource allocation configuration for Msg2 can be directly applied on SBFD symbols with not issues. 
Msg2 provides resource allocation for the UE to transmit Msg3 (PUSCH Scheduled by RAR). This resource allocation will be used by multiple UEs (all UEs that transmitted the associated preamble index). Similar to Msg1 transmission, the gNB does not know which UEs are going to use the allocated resources – which makes it difficult for the gNB to effectively mitigate CLI. New rules, like the rules described above for Msg1 transmission, can be introduced for Msg3 – to ensure that the impact of CLI resulting from Msg3 transmission is negligible. 
Moreover, repetitions and frequency hopping can be configured for Msg3 transmissions. If repetitions and/or frequency hopping is enabled, the allocated resources may overlap with resources outside the uplink subband of SBFD symbols. In the case of frequency hopping, one approach to prevent this issue is to provide separate frequency hopping offsets for the two slot types. An alternative approach is to restrict frequency hopping to only non-SBFD symbols. Similar solutions can be adopted when repetitions are enabled.   
[bookmark: _Ref158996815]Observation 7: The uncertainty of which UEs will transmit Msg3 in CBRA, limits the ability of the gNB to mitigate any impact of CLI caused by Msg3 transmission. 
[bookmark: _Ref158996831]Observation 8: Resources for Msg3 repetitions and/or frequency hopping may overlap with downlink resources on SBFD symbols. 
[bookmark: _Ref158997086]Proposal 3: Define new rules for Msg3 transmission on SBFD symbols to address CLI issues in CBRA operation
[bookmark: _Ref158997088]Proposal 4: Support Msg3 repetitions and/or frequency hopping only on non-SBFD symbols 
The UE receives contention resolution (Msg4) from the gNB after transmitting Msg3. The PDCCH carrying the resource allocation for Msg4 (and the PDSCH allocation for Msg4) can be directly applied on SBFD symbols with not issues – since both resources are allocated on a single slot. As such, the gNB has the flexibility to allocate contiguous resources whether the slot is SBFD or non-SBFD. 
Moreover, UEs in RRC_CONNECTED mode would typically use Msg3 to transfer either a DCCH or DTCH message (instead of a CCCH message) – which includes the UE’s C-RNTI. In this case contention can be resolved using the subsequent PDCCH transmission by the gNB, without the need for PDSCH transmission. This is because, gNB scrambles the PDCCH using the C-RNTI for one of the UEs that transmitted Msg3 on the same resources. The UE whose C-RNTI was used to scramble the PDCCH wins the contention. Since there is no need for PDSCH transmission in this case, the UE is not required to transmit HARQ-ACK on the PUCCH.     

In the scenario where the UE needs to receive a PDSCH for contention resolutions, the UE that successfully resolves the contention transmits HARQ-ACK information in a PUCCH. The gNB is not aware of the exact PUCCH resource to be used by the UE to transmit the HARQ-ACK. Moreover, frequency hopping may be enabled for PUCCH transmission in response to Msg4. The same issues described above for frequency hopping and CLI mitigation in Msg3 will exist for PUCCH transmission in response to Msg4.  
[bookmark: _Ref158996841][bookmark: _Ref158996854]Observation 9: The PDCCH carrying the resource allocation for Msg4 (and the PDSCH allocation for Msg4) can be directly applied on SBFD symbols  
Observation 10: The uncertainty of where UEs will transmit PUCCH in response to Msg4 may impact the gNB’s ability to mitigate any CLI impact
[bookmark: _Ref158996863]Observation 11: When frequency hopping is enabled for PUCCH in response to Msg4, allocated resources may overlap with downlink resources on SBFD symbols. 
[bookmark: _Ref158997109]Proposal 5: Support frequency hopping for PUCCH in response to Msg4 only on non-SBFD symbols
[bookmark: _Ref159065473]Proposal 6: Support separate FDRA for SBFD and non-SBFD symbols when frequency hopping enabled for PUCCH in response to Msg4
Random Access Operation in RRC IDLE/INACTIVE Mode 
Random access operation in RRC IDLE/INACTIVE mode only follows the CBRA procedure – which is similar to the CBRA procedure in CONNECTED mode. Therefore, the same issues as described above for the different steps in CBRA for CONNECTED mode random access operation will also occur for CBRA in IDLE/INACTIVE mode. As a result, any solutions adopted to address issues with CBRA in CONNECTED mode can be reused for CBRA in IDLE/INACTIVE mode. 
In our view, if random access operation is specified for RRC CONNECTED mode, then it must be specified for RRC IDLE/INACTIVE mode by adopting the same enhancements that are defined for CBRA procedure in CONNECTED mode. Moreover, allowing random access operation on SBFD symbols for UEs in RRC IDLE/INACTIVE mode can reduce initial access latency and increase PRACH capacity. 
[bookmark: _Ref158996869]Observation 12: Similar issues exist for CBRA procedure both in CONNECTED and IDLE/INACTIVE mode. The same solutions adopted for CBRA in CONNECTED mode can be reused to enable random access in IDLE/INACTIVE mode.  
[bookmark: _Ref159065970]Proposal 7: Support random access operation in RRC IDLE/INACTIVE mode by adopting the same solutions for CBRA operation in RRC CONNECTED mode
Conclusion
In this contribution, we discussed random access operation on SBFD symbols for UEs RRC CONNECTED mode and RRC IDLE/INACTIVE.
Observation 1: Existing time domain validation rules does not allow PRACH transmission on SBFD symbols.
Observation 2: Due to the different resource availability on SBFD and non-SBFD symbols some configured PRACH occasions may overlap with downlink resources on SBFD symbols
Observation 3: For CFRA initiated by PDCCH Order, PRACH (Msg1) transmission is completely under gNB control and can be safely applied on SBFD symbols. 
Observation 4: Both the PDCCH carrying the resource allocation for Msg2 and the PDSCH allocation for Msg2 can be directly applied on SBFD symbols 
Observation 5: For CFRA initiated by dedicated signaling, the gNB can configure the list of possible PRACH occasions such that the UE can safely transmit PRACH on SBFD symbols. 
Observation 6: The uncertainty of when UE transmits PRACH in CBRA, limits the ability of the gNB to mitigate any impact of CLI caused by PRACH transmission. 
Observation 7: The uncertainty of which UEs will transmit Msg3 in CBRA, limits the ability of the gNB to mitigate any impact of CLI caused by Msg3 transmission. 
Observation 8: Resources for Msg3 repetitions and/or frequency hopping may overlap with downlink resources on SBFD symbols. 
Observation 9: The PDCCH carrying the resource allocation for Msg4 (and the PDSCH allocation for Msg4) can be directly applied on SBFD symbols
Observation 10: The uncertainty of where UEs will transmit PUCCH in response to Msg4 may impact the gNB’s ability to mitigate any CLI impact
Observation 11: When frequency hopping is enabled for PUCCH in response to Msg4, allocated resources may overlap with downlink resources on SBFD symbols.
Observation 12: Similar issues exist for CBRA procedure both in CONNECTED and IDLE/INACTIVE mode. The same solutions adopted for CBRA in CONNECTED mode can be reused to enable random access in IDLE/INACTIVE mode. 

Proposal 1: Define new time/frequency domain validation rules for PRACH occasions on SBFD symbols
· A PRACH occasion is valid if it is within UL symbol or UL subband of SBFD symbols 
Proposal 2: Define new rules for PRACH transmission on SBFD symbols
· Rule 1: UE can transmit PRACH on SBFD symbols only for certain PRACH configurations 
· Rule 2: UE can transmit PRACH on SBFD symbols only if the PRACH tranmit power is below a defined threshold. 
· Rule 3: UE can transmit PRACH on SBFD symbols only if the PRACH occasion is close to the centre of the uplink subband. 
Proposal 3: Define new rules for Msg3 transmission on SBFD symbols to address CLI issues in CBRA operation
Proposal 4: Support Msg3 repetitions and/or frequency hopping only on non-SBFD symbols
Proposal 5: Support frequency hopping for PUCCH in response to Msg4 only on non-SBFD symbols
Proposal 6: Support separate FDRA for SBFD and non-SBFD symbols when frequency hopping enabled for PUCCH in response to Msg4
Proposal 7: Support random access operation in RRC IDLE/INACTIVE mode by adopting the same solutions for CBRA operation in RRC CONNECTED mode
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