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1 Introduction

Rel-19 WI scope for the duplex enhancements was discussed in RAN #101, with a discussion summary given in [1]. This contribution further highlights our views for the Rel-19 duplex scoping. 

2 Discussion  
Dynamic SBFD

The TR38.858 [2] of Rel-18 duplex SI draws the following conclusions for dynamic SBFD: 

	· Compared to semi-static SBFD, dynamic SBFD can better adapt to the UL/DL resource requirements based on UL/DL traffic loads.
· Dynamic SBFD may increase gNB implementation complexity due to dynamic antenna/panels switching and filters/RF tuning, may incur loss of resources due to transition time, may increase inter-gNB CLI, may increase scheduling complexity, and can result in additional specification impact on top of semi-static SBFD

· UE implementation complexity may be increased if the UE supports dynamic SBFD and dynamic SBFD may result in increased UE-to-UE CLI


There was no RAN1 consensus to mention any performance advantages for dynamic SBFD in the above conclusion. In fact, the following evaluation results are observed during the RAN1 study: 

· For indoor scenario (FR1) slot configurations {XXXXU}, in case of large packet size, dynamic SBFD Option 3 outperforms semi-static SBFD for low load level based on results from 2 sources.
· For indoor scenario (FR1) slot configurations {XXXXX}, in case of large packet size, dynamic SBFD Option 3 outperforms semi-static SBFD based on results from 2 sources.
· For other evaluation cases, the results from more than 1 source are conflict.    
where dynamic SBFD Option 3 means a SBFD symbol on a flexible symbol configured by TDD-UL-DL-ConfigCommon can be dynamically switched among three symbol status: {SBFD symbol with UL subband, legacy DL symbol, legacy UL symbol}. 

The above observations deliver the following hints for dynamic SBFD: 

· The performance gain due to dynamic SBFD is limited to a combination of specific traffic pattern (e.g., large packet size) and specific TDD symbol type (e.g., TDD flexible symbol that remains dynamic switchable between DL and UL). Such limitation puts a feasibility restriction upon realization of the dynamic TDD gain, for example, it is a well-known fact that the TDD flexible symbol is so far not a popular deployment choice, which means most of the deployment scenarios in the market would not be able to observe the gain of dynamic TDD. 

· Because the dynamic SBFD gain is obtained under an evaluation assumption of symbol switching among three status: {SBFD symbol, full DL symbol, full UL symbol}, where the switching between full-DL symbol and full-UL symbol has been already supported by dynamic TDD since Rel-15, it is unclear how much of the reported gain over semi-static SBFD comes from dynamic SBFD only and how much actually comes from dynamic TDD. Further, given it is still pending in RAN1 whether to allow a UE transmitting outside of a configured UL subband on a configured flexible symbol, the dynamic SBFD may be constructed by dynamic switching between only two symbol status: {SBFD symbol, full DL symbol}.      

Observation-1: There is no sufficient justification in TR38.858 for the support of dynamic SBFD in WI. 

· The evaluation gain of dynamic SBFD over semi-static SBFD is shown to depend on conditions (such as configured flexible symbols) that may not be satisfied in practical deployments. 

· The evaluation gain of dynamic SBFD over semi-static SBFD that is shown in the SI phase may additionally due to some techniques other than dynamic SBFD. 

There is another important clarification relating to dynamic SBFD: “support of dynamic SBFD” and “support of dynamic SBFD indication” are two different concepts. The former one is the necessary condition but not the sufficient condition of the latter one.  TR38.858 records the following RAN1 agreement: 

	If dynamic SBFD is supported, the following options can be considered.

· Option 1: Dynamic SBFD is achieved by scheduling DCI which is used to schedule DL receptions outside semi-statically configured SBFD DL subband and/or UL transmission outside semi-statically configured SBFD UL subband.

· Option 2: Dynamic SBFD is achieved by non-scheduling DCI which indicates whether a symbol is SBFD symbol or not.

· Option 3: Dynamic SBFD is achieved by MAC-CE which indicates whether a symbol is SBFD symbol or not.

Note 1: Whether or not dynamic SBFD is beneficial from a performance and complexity perspective is a separate discussion.

Note 2: The possibility of introducing flexible subband type for Option 1 to achieve DL receptions outside semi-statically configured SBFD DL subband and/or UL transmission outside semi-statically configured SBFD UL subband is not precluded.

Note 3: None of the above options imply that there is a dynamic change in the DL/UL subband sizes.


In the above agreement, the non-scheduling DCI used in Option 2 and the MAC-CE used in Option 3 can be categorized as indication for dynamic SBFD; however, the scheduling DCI used in Option 1 is the indication only for DL/UL scheduling per specification wise.   

Observation-2: According to TR38.858, a support of dynamic SBFD does not necessarily mean a support of dynamic indication specifically for dynamic SBFD.      

Proposal 1: Dynamic SBFD is excluded from Rel-19 duplex scope. 

RRC_Connected vs. RRC_Idle/Inactive 

The semi-static SBFD is certainly a part of Rel-19 duplex WI. One of the key questions is whether to support SBFD from UE perspective for RRC_Connected state only or regardless of RRC state. SBFD operation for a UE in RRC_Connected state is the focus throughput the Rel-18 SI but very little is done for RRC_IDLE/Inactive states. For the latter case, the TR38.858 states that

	· 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.


According to the above TR statements which use a weak tone of “may potentially”, the benefit to support random access in SBFD symbol is unclear or remains unjustified in our view. 

· The reductions of random access latency and PRACH collision probability would depend on the amount of PRACH resources allocated in the SBFD symbols and condition of whether the PRACH attempts can be transmitted individually from both SBFD symbols and non-SBFD symbols (i.e., legacy PRACH attempt). Given the UL subband in DL symbols should not be excessively large in order to avoid significant negative impacts to the DL performance, there can be a resource competition in the UL subband between PRACH and other UL channels/signals. The benefits on PRACH performance (i.e., latency and collision probability) should not be assessed independently without those on other UL channels/signals.     

· The coverage improvement by allocating PRACH in the SBFD symbol could be limited because the UE-to-UE CLI caused by such PRACH could in-turn put a cap back on the power ramp-up of PRACH attempts. So far there is no RAN1 study and conclusion that UE can raise the PRACH power in SBFD symbols as high as in non-SBFD symbols so that the same coverage range as in non-SBFD symbol can be achieved. 

Therefore, we propose to implement Rel-19 semi-static SBFD for UE in RRC_Connected state only. 

Proposal 2: SBFD operation in Rel-19 duplex WI does not apply to UE in RRC_Idle/Inactive states. 

· It is up to RAN1 to decide whether to support PRACH in SBFD symbols for UE in RRC_Connected state.

· It is up to RAN1 to decide whether to use UE dedicated RRC signaling or SIB signaling for configuration of SBFD. 
CLI handling 

The wording in [3] that says “The SBFD operation drives the CLI enhancements” could be interpreted in multiple ways, such as:

· Interpretation 1: The CLI enhancement scheme targets SBFD operation, which is per specification design wise. 

· Interpretation 2: CLI enhancement is a built-in part of SBFD operation, or SBFD operation directly enables CLI enhancement operation. This is per run-time procedure wise. 

We believe the Interpretation 1 is sufficient from perspective of a WID. 

Based on the discussion above and those in [1], we propose the WID to reflect the following for WI objectiveness, with changes highlighted on top of the potential objectives from [3]: 

Proposal 3: WID for Rel-19 duplex reflects the following objectiveness.

	· For subband non-overlapping full duplex (SBFD) operation at gNB side within a TDD carrier 

· [Semi-static/dynamic] indication of time location of SBFD subbands to UEs [in RRC_CONNECTED mode]
· Semi-static indication of frequency domain location of SBFD subbands to UEs [in RRC_CONNECTED mode]
· UE transmission and reception behavior and procedures in SBFD symbols and/or non-SBFD symbols in RRC_CONNECTED mode
· Note: followings are assumed based on TR 38.858

· SBFD operation Option 4

· Coexistence between legacy UEs and SBFD aware UEs in the cell operating SBFD at gNB side

· SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies

· Up to one UL subband for SBFD operation in an SBFD symbol (excluding legacy UL symbol/slot) within a TDD carrier

· At least adjacent channel coexistence between two operators should be considered as a minimum.

· Specify enhancements for CLI handling:

· Support both the gNB-to-gNB co-channel CLI handling scheme(s) and UE-to-UE co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858)  

· The SBFD operation drives the CLI enhancements target SBFD operation, which and are also expected to be applicable to the dynamic/flexible TDD operation but without dedicated optimization

· RF requirements on gNB side for SBFD operation at gNB


3 Conclusion

This contribution is concluded with following observations and proposals. 

Observation-1: There is no sufficient justification in TR38.858 for the support of dynamic SBFD in WI. 

· The evaluation gain of dynamic SBFD over semi-static SBFD is shown to depend on conditions (such as configured flexible symbols) that may not be satisfied in practical deployments. 

· The evaluation gain of dynamic SBFD over semi-static SBFD that is shown in the SI phase may additionally due to some techniques other than dynamic SBFD. 

Observation-2: According to TR38.858, a support of dynamic SBFD does not necessarily mean a support of dynamic indication specifically for dynamic SBFD.      

Proposal 1: Dynamic SBFD is excluded from Rel-19 duplex scope. 

Proposal 2: SBFD operation in Rel-19 duplex WI does not apply to UE in RRC_Idle/Inactive states. 

· It is up to RAN1 to decide whether to support PRACH in SBFD symbols for UE in RRC_Connected state.

· It is up to RAN1 to decide whether to use UE dedicated RRC signaling or SIB signaling for configuration of SBFD. 
Proposal 3: WID for Rel-19 duplex should reflect the following.

	· For subband non-overlapping full duplex (SBFD) operation at gNB side within a TDD carrier 

· [Semi-static/dynamic] indication of time location of SBFD subbands to UEs [in RRC_CONNECTED mode]
· Semi-static indication of frequency domain location of SBFD subbands to UEs [in RRC_CONNECTED mode]
· UE transmission and reception behavior and procedures in SBFD symbols and/or non-SBFD symbols in RRC_CONNECTED mode
· Note: followings are assumed based on TR 38.858

· SBFD operation Option 4

· Coexistence between legacy UEs and SBFD aware UEs in the cell operating SBFD at gNB side

· SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies

· Up to one UL subband for SBFD operation in an SBFD symbol (excluding legacy UL symbol/slot) within a TDD carrier

· At least adjacent channel coexistence between two operators should be considered as a minimum.

· Specify enhancements for CLI handling:

· Support both the gNB-to-gNB co-channel CLI handling scheme(s) and UE-to-UE co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858)  

· The SBFD operation drives the CLI enhancements target SBFD operation, which and are also expected to be applicable to the dynamic/flexible TDD operation but without dedicated optimization

· RF requirements on gNB side for SBFD operation at gNB
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