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1. Introduction

RAN1 agreements/working assumptions for Rel-17 NR RedCap made in RAN1#104-e, RAN1#104bis-e and RAN1#105-e meetings were summarized in [1].

In this contribution, we discuss the remaining issues on half duplex operation for RedCap UEs.

2. Issue on the support of semi-static TDD-like slot format

In RAN1#104bis-e and RAN1#105-e meeting, whether to support semi-static TDD-like slot format for HD-FDD RedCap UEs was discussed. Based on the discussion, the following drawbacks if semi-static TDD-like slot format is supported for HD-FDD RedCap UEs were identified:
· Semi-static TDD-like slot format based scheme would have negative impact on scheduling flexibility. Different from TDD system, Tx/Rx switching position for a HD-FDD RedCap UE in FDD system can be configured/decided per UE based on the UE’s actual traffic type. If semi-static TDD-like slot format based scheme is supported, the scheduling scheme for HD-FDD RedCap UEs will be restricted by UL-DL configuration.

· Supporting semi-static TDD-like slot format for HD-FDD RedCap UEs would have significant specification impact.

· Supporting semi-static TDD-like slot format for HD-FDD RedCap UEs would increase the implementation complexity. Since FD-FDD RedCap UEs do not support TDD-like slot format, different scheduling schemes should be used for the two types of RedCap UEs.
From our perspective, above three drawbacks cannot be ignored if semi-static TDD-like slot format is supported for HD-FDD RedCap UEs.     
Besides, for HD-FDD RedCap UEs, the potential collision cases and the corresponding collision handling rules are under discussion from RAN1#104-e meeting. Once the collision handling rules for all collision cases have been solved, there is no need to further consider semi-static TDD-like slot format based scheme for HD-FDD RedCap UEs. 

Proposal 1: There is no need to further consider semi-static TDD-like slot format for HD-FDD RedCap UEs.
3. Issue on HD-FDD collision handling rules

In this section, we discuss the remaining issues on collision handling rules for HD-FDD RedCap UEs.
Case 1: Dynamically scheduled DL reception vs. semi-statically configured UL transmission

In RAN1#104bis-e meeting, for Case 1, an agreement was made as follows:
	Agreements:
· For Case 1 (dynamically scheduled DL reception vs. semi-statically configured UL transmission), reuse the existing collision handling principles in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum. 

· FFS whether the timeline is extended to include the RX/TX switching time for HD-FDD




In legacy TDD NR, a UE does not expect to cancel the transmission of the PUCCH or PUSCH or PRACH in a set of symbols if the first symbol in the set occurs within Tproc,2 relative to a last symbol of a CORESET where the UE detects the DCI format. That is to say, during the duration of Tproc,2 the TDD NR UE cannot do DL reception. In Rel-15/16 NR Tproc,2 is defined as 
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Wherein, value of N2 is configured from Table 6.4-1 and Table 6.4-2 of TS38.214 and the minimum value of N2 is 5 symbols.

Table 6.4-1: PUSCH preparation time for PUSCH timing capability 1
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	PUSCH preparation time N2 [symbols]

	0
	10

	1
	12

	2
	23

	3
	36


Table 6.4-2: PUSCH preparation time for PUSCH timing capability 2
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	PUSCH preparation time N2 [symbols]

	0
	5

	1
	5.5

	2
	11 for frequency range 1


Therefore, the minimum value of Tproc,2 is larger than 5 symbols. For TDD NR UE the Tx/Rx switching time is much smaller than Tproc,2, then the UE could switch from Rx to Tx within the PUSCH preparation time Tproc,2. For Case 1, considering that existing collision handling rule in Rel-15/16 NR for TDD NR UEs is reused for HD-FDD RedCap UEs, there is no need to extend the timeline to include the RX/TX switching time for HD-FDD RedCap UEs. 

Observation 1: For Case 1, Tproc,2 in the existing collision handling rule in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum is large enough to cover the switching time from Rx to Tx.
Proposal 2: For Case 1, there is no need to extend the timeline to include the RX/TX switching time for HD-FDD Redcap UEs.

Case 2: Semi-statically configured DL reception vs. dynamically scheduled UL transmission

In RAN1#104bis-e meeting, for Case 2 an agreement was made as follows:
	Agreements:
· For Case 2 (semi-statically configured DL reception vs. dynamically scheduled UL transmission), reuse the existing collision handling principles in Rel-15/16 NR for operation on a single carrier/single cell in unpaired spectrum

· The semi-statically configured DL reception may include PDCCH (excluding ULCI), SPS PDSCH, CSI-RS or PRS. 

· FFS on PDCCH carrying ULCI, including whether or not it is supported by RedCap UEs (including potential difference between HD vs. FD RedCap UEs)

· The dynamically scheduled UL transmission may include PUSCH, PUCCH, SRS or PRACH triggered by PDCCH order



In TS38.331, cell-specific configured PUCCH is configured by high layer signaling PUCCH-ConfigCommon and the PUCCH is only configured on initial UL BWP to carry HARQ-ACK during random access procedure, e.g., HARQ-ACK for Msg4. Considering the gap between Msg4 and PUCCH carrying corresponding HARQ-ACK is dynamically indicated by DCI format 1_0, the PUCCH configured by PUCCH-ConfigCommon can be classified as a dynamically scheduled UL transmission. Therefore, when the collision between semi-statically configured DL reception and the cell-specific configured PUCCH transmission happens, the collision handling rule should also follow the rule for Case 2.
Proposal 3: PUCCH configured by high layer signaling PUCCH-ConfigCommon can be classified as dynamically scheduled UL transmission.
Case 3: Semi-statically configured DL reception vs. semi-statically configured UL transmission

In RAN1#104bis-e meeting, for Case 3, an agreement was made as follows:
	Agreements:
For Case 3, semi-statically configured DL reception vs. semi-statically configured UL transmission
· A HD-FDD UE does not expect to receive both dedicated higher layer parameters configuring transmission from the UE in the set of symbols of the slot and dedicated higher layer parameters configuring reception in the set of symbols of the slot 

· A HD-FDD UE does not expect to receive both dedicated higher layer parameters configuring transmission from the UE in the set of symbols of the slot and cell specific higher layer parameters configuring reception in the set of symbols of the slot 

· A HD-FDD UE does not expect to receive both cell specific higher layer parameters configuring transmission from the UE in the set of symbols of the slot and dedicated higher layer parameters configuring reception in the set of symbols of the slot 

· FFS on cell-specifically configured DL reception vs. cell-specifically configured UL transmission
· FFS: whether or not there are conditions that need to be considered


Further discussion was made in RAN1#105-e meeting and some issues were raised, including:
Issue 1: For Case 3, does cell-specifically configured DL reception refer to CORESET for Type-0/0A/1/2 CSS set?

Base on the discussion in RAN1#105-e meeting, a preliminary consensus was reached that CORESET Type-0/0A/2 CSS set can be classified as cell-specifically configured DL reception.
Regarding CORESET Type-1 CSS set, the monitoring/detection principle is defined in Section 8.2 of TS38.213 as is shown below:
	TS38.213 Section 8.2
In response to a PRACH transmission, a UE attempts to detect a DCI format 1_0 with CRC scrambled by a corresponding RA-RNTI during a window controlled by higher layers [11, TS 38.321]. The window starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS set, as defined in Clause 10.1, that is at least one symbol, after the last symbol of the PRACH occasion corresponding to the PRACH transmission, where the symbol duration corresponds to the SCS for Type1-PDCCH CSS set as defined in Clause 10.1. The length of the window in number of slots, based on the SCS for Type1-PDCCH CSS set, is provided by ra-ResponseWindow. 


From the above description, we can see that the resource allocation and corresponding monitoring/detection window of CORESET Type-1 CSS set are configured by higher layers. The gap between PRACH Occasion and the corresponding CORESET Type-1 CSS set is predefined by specifications not by any dynamically scheduled signaling. Therefore, CORESET Type-1 CSS set can be classified as cell-specifically configured DL reception. Therefore, cell-specifically configured DL reception refers to CORESET for Type-0/0A/1/2 CSS set.
Proposal 4: For Case 3, cell-specifically configured DL reception refers to CORESET for Type-0/0A/1/2 CSS set.
Issue 2: For Case 3, does cell-specifically configured UL transmission refer to valid RO and MsgA PUSCH (if supported)?
From our perspective, valid RO and MsgA PUSCH (if supported) can be classified as cell-specifically configured UL transmission. However, the related collision handling rule should be treated in Case 8. Thus, collision handling rule for cell-specifically configured DL reception vs. cell-specifically configured UL transmission should not be treated in Case 3.
Proposal 5: For Case 3, cell-specifically configured UL transmission refers to valid RO and MsgA PUSCH (if supported).

Proposal 6: Collision handling rule for cell-specifically configured DL reception vs. cell-specifically configured UL transmission should not be treated in Case 3.
Case 5: Configured SSB vs. dynamically scheduled or semi-static configured UL transmission

In RAN1#104bis-e meeting, for Case 5 a working assumption was made as follows:

	Working assumption:
· If a dynamically scheduled UL transmission overlaps with an SSB, down-select one of the following options:

· Option 1: Follow the handling of case 2 that dynamic UL is prioritized over SSB

· Option 2: Reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over dynamic UL 

· Option 3: Leave to UE implementation whether to receive the SSB or transmit the UL transmission

· Other options are not precluded

· If a semi-static configured UL transmission overlaps with an SSB, down-select from the following options

· Option 1: Up to gNB configuration to avoid such collision and if it happens it is an error case

· Option 2: Reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over semi-static UL

· Option 3: Leave to UE implementation whether to receive the SSB or transmit the UL transmission

· Other options are not precluded

· FFS: whether/how to account for Tx/Rx switching time before and after the set of SSB symbols

· FFS: whether or not the semi-static configured UL transmission includes a valid RO


· If a dynamically scheduled UL transmission overlaps with an SSB

Regarding Option 1, if it is used as the collision handling rule, the SSB overlapped with a dynamically scheduled UL transmission will not be received by the HD-FDD RedCap UE. In case updated master information is carried in the SSB, the UE will not achieve the updated information in time, thus the UE may be disconnected from the system due to the loss of essential master information. Besides, from UE’s perspective, even though master information is not updated on the detected SSB, the UE could do calibration of time synchronization and frequency offset correction by detecting the corresponding SSB. It has benefit on subsequent transmission performance of the UE. However, for Option 1, the overlapped SSB can not be used for calibration of time synchronization and frequency offset correction. Therefore, Option 1 is not a good collision handling rule.

Observation 2: From UE’s perspective, the UE can do calibration of time synchronization and frequency offset correction by detecting SSB. It has benefit on subsequent transmission performance of the UE.

Regarding Option 3, if it is used as the collision handling rule, it is up to UE implementation to decide whether to receive the SSB or do UL transmission. gNB is not aware of the actual UE behavior in advance. It will lead to ambiguities for both UE and gNB procedures. Therefore, Option 3 is not a good collision handling rule.

Observation 3: If it is up to UE implementation whether to receive the SSB or do the UL transmission, it will lead to ambiguities for both UE and gNB procedures.
Regarding Option 2, if it is used as the collision handling rule, the UE can achieve the updated system information in time. However, different from TDD system, UL and DL resources are separate in frequency domain for FDD system. The collision handling rules for HD-FDD RedCap UEs may not completely reuse the rues of legacy TDD. If dynamically scheduled UL is transmitted in RRC_CONNECTED mode, we agree that SSB reception is prioritized if collision happens. But if random access (RA) procedure is triggered, the UE should complete the RA procedure with the highest priority, that is to say, the UE does not need to receive SSB during RA procedure. If SSB reception is prioritized during RA procedure, the RA procedure may be interrupted by not sending Msg3 from UE in case the allocated resource of Msg3 and SSB are overlapped in time domain. As a result, for the UE, the access latency of RA procedure may be significantly increased.
Observation 4: If SSB reception is prioritized during RA procedure, the RA procedure may be interrupted by not sending Msg3 from UE in case the allocated resource of Msg3 and SSB are overlapped in time domain. It results in the significant increase of access latency of RA procedure.

Another way to solve the collision between Msg3 transmission and SSB reception for HD-FDD RedCap UEs is that gNB can schedule UL resources for Msg3 that are not overlapped with SSB. As we know, for FD-FDD RedCap UEs, the collision between Msg3 transmission and SSB reception does not exist since the UEs can do UL transmission and DL reception simultaneously. Thus, in order to make this collision handling rule work with higher resource utilization efficiency, gNB should support earlier indication of HD-FDD RedCap UEs. For the earlier indication, it is supported by majority of companies to identify RedCap UEs by separate PRACH configuration (ROs and/or preambles). Moreover, if HD-FDD RedCap UEs are also supported to be identified by separate PRACH configuration, it will result in the fragmentation of PRACH resources since both HD and FD RedCap UEs need to be identified. In addition, if NR UEs with coverage enhancement are supported to be identified by separate PRACH configuration for Rel-17 NR coverage enhancement, at least four separate PRACH configurations should be used to identify HD-FDD Redcap UEs, FD-FDD RedCap UEs, NR UE with coverage enhancement and normal NR UEs. It will cause excessive fragmentation of PRACH resources.

Observation 5: On the premise of earlier indication of HD-FDD RedCap UEs, gNB can solve the collision between Msg3 transmission and SSB reception for HD-FDD RedCap UEs by scheduling UL resources for Msg3 that are not overlapped with SSB.

Observation 6: It results in the fragmentation of PRACH resources if both HD-FDD and FD-FDD RedCap UEs need to be identified by separate PRACH configuration.

If not supporting earlier indication of HD-FDD RedCap UEs, the above mentioned way for solving the collision can still work but will cause some problems. If the collision happens gNB should schedule UL resources for Msg3 that are not overlapped with SSB whatever the UE is a HD-FDD RedCap UE or not. Obviously, it is not optimized for FD-FDD RedCap UEs since many opportunities that in fact can be used for Msg3 (re)transmission will be dropped. It results in the reduction of number of Msg3 (re)transmission opportunities within a contention resolution timer configured by high layer signaling ra-ContentionResolutionTimer. Finally, the average access latency of random access procedure for FD-FDD RedCap UEs will be increased.

Observation 7: If not supporting earlier indication of HD-FDD RedCap UEs, in order to solve the collision, gNB should schedule UL resources for Msg3 that are not overlapped with SSB whatever the UE is a HD-FDD RedCap UE or not. As a result, the average access latency of random access procedure for FD-FDD RedCap UEs will be increased.

Based on the above analysis, it is not a preferred scheme to solve the collision between Msg3 transmission and SSB reception for HD-FDD RedCap UEs by scheduling UL resources for Msg3 that are not overlapped with SSB. From our perspective, it is suggested that during random access procedure, dynamically scheduled UL transmission (e.g., Msg3 or Msg3 re-transmission) is prioritized over SSB reception.

Proposal 7: For a dynamically scheduled UL transmission overlaps with an SSB, if the dynamically scheduled UL transmission happens during random access procedure, the dynamically scheduled UL transmission is prioritized; otherwise, the SSB reception is prioritized.
· If a semi-static configured UL transmission overlaps with an SSB

For Case 5, the semi-static configured UL transmission may include configured SRS, CG PUSCH, UE-specific configured PUCCH, valid RO and MsgA PUSCH (if supported). However, the valid RO and MsgA PUSCH (if supported) related collision handling rules should be treated in Case 8. Therefore, in Case 5, the semi-static configured UL transmission refers to configured SRS, CG PUSCH and UE-specific configured PUCCH. In this case, SSB reception is more important since updated MIB may be carried on the detected SSB and the UE could do calibration of time synchronization and frequency offset correction by detecting the SSB. Therefore, Option 2 is prioritized to solve the collision, that is, SSB is prioritized over semi-static configured UL transmission. 

Proposal 8: For Case 5, when a semi-static configured UL transmission overlaps with an SSB, Option 2 is prioritized, that is, reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over semi-static configured UL transmission. 

- The semi-static configured UL transmission refers to configured SRS, CG PUSCH and UE-specific configured PUCCH.

For Case 5, Tx/Rx switching time should be considered when determining the collision handling rules. When SSB reception is prioritized, the UE is not expected to do UL transmission in a set of symbols that occur within Tx to Rx switching time relative to the first symbol of SSB, and the UE is not expected to do UL transmission in a set of symbols that occur within Rx to Tx switching time relative to the last symbol of SSB. When UL transmission is prioritized, the UE is not expected to do SSB reception in a set of symbols that occur within Rx to Tx switching time relative to the first symbol of the UL transmission, and the UE is not expected to do SSB reception in a set of symbols that occur within Tx to Rx switching time relative to the last symbol of the UL transmission.

Proposal 9: For Case 5, Tx/Rx switching time should be considered when determining the collision handling rules.

· When SSB reception is prioritized, the UE is not expected to do UL transmission in a set of symbols that occur within Tx to Rx switching time relative to the first symbol of SSB, and the UE is not expected to do UL transmission in a set of symbols that occur within Rx to Tx switching time relative to the last symbol of SSB.

· When UL transmission is prioritized, the UE is not expected to do SSB reception in a set of symbols that occur within Rx to Tx switching time relative to the first symbol of the UL transmission, and the UE is not expected to do SSB reception in a set of symbols that occur within Tx to Rx switching time relative to the last symbol of the UL transmission.
Case 8: Dynamic or semi-static DL vs. valid RO

· Definition of valid RO for HD-FDD RedCap UEs
For HD-FDD RedCap UEs, if the definition of valid RO is the sams as that of legacy TDD NR, valid ROs are different for FD-FDD RedCap UEs and HD-FDD RedCap UEs. Since SSB-to-RO mapping is defined based on the valid RO, it will cause different SSB-to-RO mapping for the two type RedCap UEs. gNB may not be able to identify the preferred beam of UE by detecting the preamble sent by the UE in a RO since gNB does not know the exact SSB-to-RO mapping of the UE. Therefore, for HD-FDD RedCap UEs, it is suggested to reuse the same definition of valid RO in legacy FDD NR.

Proposal 10: For HD-FDD RedCap UEs, it is suggested to reuse the same definition of valid RO in legacy FDD NR.

· Valid RO vs PDCCH CSS

In RAN1#105-e meeting, an agreement on Case 8 of valid RO overlapping with PDCCH in Type 0/0A/1/2 CSS set was made as follows:

	Agreement:
· For Case 8 of valid RO overlapping with PDCCH in Type 0/0A/1/2 CSS set, down-select from the following options

· Option 1: Reuse the existing collision handling principles of Rel-15/16 for NR TDD that valid RO is prioritized over configured PDCCH

· Option 2: Leave to UE implementation whether to receive the configured PDCCH or transmit the PRACH on the valid RO

· Option 3: If configured PDCCH is in a Type-2 CSS set, then PDCCH is prioritized; otherwise the valid RO is prioritized

· Option 4: Configured PDCCH is prioritized over valid RO

· Option 5: Configured by network, e.g. via a priority indicator

· FFS: whether or not the set of symbols overlapping with PDCCH in CSS set includes also Ngap symbols before the valid RO and whether the same value for Ngap in current spec is reused for HD-FDD

· FFS whether a valid RO follows TDD’s or FDD’s definition, and if so, the corresponding impact

· FFS: whether or not the same principle is applied to PUSCH occasion of MSGA in 2-step RACH, if supported


In legacy TDD NR, the resources for UL and DL are separate in time domain and it is impossible to do DL reception and UL transmission simultaneously for a TDD NR UE. In legacy TDD NR, when the collision between valid RO and PDCCH in Type 0/0A/1/2 CSS set happens, valid RO is prioritized, even though no preamble is transmitted on the valid RO. In this case, the UE can not receive PDCCH. The corresponding description of the specification is shown below: 

	TS 38.213 Section 11.1
For a set of symbols of a slot corresponding to a valid PRACH occasion and [image: image4.wmf]gap

N

 symbols before the valid PRACH occasion, as described in Clause 8.1, the UE does not receive PDCCH, PDSCH, or CSI-RS in the slot if a reception would overlap with any symbol from the set of symbols. The UE does not expect the set of symbols of the slot to be indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated. 


Since UL and DL are separate in frequency domain for FDD system and NR UE is not required to send preamble in each RO, from UE’s perspective, if a valid RO is not used for preamble transmission, the collision between valid RO and PDCCH does not exist.
For HD-FDD RedCap UEs, the collision between valid RO and PDCCH in Type 0/0A/1/2 CSS set happens only when the UE intends to send preamble on the valid RO which is overlapped with PDCCH in Type 0/0A/1/2 CSS set in time domain.

For Case 8 of valid RO on which HD-FDD RedCap UE intends to send preamble overlapping with PDCCH in Type 0/0A/1/2 CSS set, Option 1 is preferred, that is, the valid RO is prioritized over configured PDCCH. If the UE does not intend to send preamble on the valid RO, it can receive the PDCCH. The impact on the transmission of PDCCH can also be minimized.
Observation 8: Since UL and DL are separate in frequency domain for FDD system, from UE’s perspective, if a valid RO is not used for preamble transmission, the collision between the valid RO and PDCCH does not exist.

Observation 9: For HD-FDD RedCap UEs, when a valid RO is overlapped with PDCCH in time domain, the UE can receive the PDCCH if it intends not to send preamble on the valid RO. 
Observation 10: For HD-FDD RedCap UEs, the collision between valid RO and PDCCH in Type 0/0A/1/2 CSS set happens only when the UE intends to send preamble on the valid RO which is overlapped with PDCCH in Type 0/0A/1/2 CSS set in time domain.
Proposal 11: For Case 8 of valid RO on which HD-FDD RedCap UE intends to send preamble overlapping with PDCCH in Type 0/0A/1/2 CSS set, Option 1 is supported, that is, valid RO is prioritized; otherwise, PDCCH in Type 0/0A/1/2 CSS set is prioritized.
For Case 8 of valid RO overlapping with PDCCH in Type 0/0A/1/2 CSS set, if the valid RO is not restricted to the RO on which HD-FDD RedCap UE intends to send preamble, it is not a good solution to prioritize all valid ROs or all PDCCH in Type 0/0A/1/2 CSS set since the other valid ROs with lower priority would cause many transmission opportunities loss. Therefore, it is suggested to define collision handling rules per each PDCCH in CSS set. 

· For valid RO overlapping with PDCCH in Type 0/0A CSS set

Since system information (SIB1 scheduled by Type0-PDCCH CSS set, other SIs scheduled by Type0A-PDCCH CSS set) can also be sent to the UE after random access procedure by UE-specific higher layer signaling, valid RO is prioritized in this case.  

· For valid RO overlapping with PDCCH in Type 1 CSS set

Since PDCCH in Type 1 CSS set is used for the scheduling of RAR during random access procedure, we can not see any benefit on transmitting preamble on valid RO instead of continuing the ongoing random access procedure.

SIB1 (Type0-PDCCH CSS set), other SIs (Type0A-PDCCH CSS set)
· For valid RO overlapping with PDCCH in Type 2 CSS set

Since PDCCH in Type 2 CSS set is used to send Paging DCI, the PDCCH reception is prioritized.

Proposal 12: For Case 8 of valid RO overlapping with PDCCH in Type 0/0A/1/2 CSS set, if the valid RO is not restricted to the RO on which HD-FDD RedCap UE intends to send preamble, 
- Valid RO is prioritized if valid RO is overlapped with PDCCH in Type 0/0A CSS set

- PDCCH in Type 1 CSS set is prioritized if valid RO is overlapped with PDCCH in Type 1 CSS set

- PDCCH in Type 2 CSS set is prioritized if valid RO is overlapped with PDCCH in Type 2 CSS set

· Valid RO vs UE-dedicated DL reception 

In RAN1#105-e meeting, an agreement on Case 8 of valid RO overlapping with UE-dedicated configured DL reception was made as follows:

	Agreement:

· For Case 8 of valid RO overlapping with UE-dedicated configured DL reception (e.g. PDCCH in USS, SPS PDSCH, CSI-RS or DL PRS), down-select from the following options
· Option 1: Reuse the existing collision handling principles of Rel-15/16 for NR TDD that valid RO is prioritized over configured DL

· Option 2: Leave to UE implementation whether to receive the configured DL or transmit the PRACH on the valid RO

· Option 5: Configured by network, e.g. via a priority indicator

· Other options are not precluded.

· FFS: whether or not the set of symbols overlapping with configured DL includes also Ngap symbols before the valid RO and whether the same value for Ngap in current spec is reused for HD-FDD

· FFS: whether or not the same principle is applied to PUSCH occasion of MSGA in 2-step RACH, if supported


Similar to the analysis in the case of valid RO overlapping with PDCCH in Type 0/0A/1/2 CSS set，if a valid RO is not used for preamble transmission, the collision between the valid RO and UE-dedicated configured DL reception does not exist. 

For HD-FDD RedCap UEs, the collision between valid RO and UE-dedicated configured DL reception happens only when the UE intends to send preamble on the valid RO which is overlapped with UE-dedicated configured DL reception in time domain.

For Case 8 of valid RO on which HD-FDD RedCap UE intends to send preamble overlapping with UE-dedicated configured DL reception, Option 1 is supported.

Observation 11: For HD-FDD RedCap UEs, the collision between valid RO and UE-dedicated configured DL reception happens only when the UE intends to send preamble on the valid RO which is overlapped with UE-dedicated configured DL reception in time domain.

Proposal 13: For Case 8 of valid RO on which HD-FDD RedCap UE intends to send preamble overlapping with UE-dedicated configured DL reception, Option 1 is supported, that is, valid RO is prioritized; otherwise, UE-dedicated configured DL reception is prioritized.
· Valid RO vs Dynamical DL reception 

In RAN1#105-e meeting, an agreement on Case 8 of valid RO overlapping with dynamically scheduled DL reception was made as follows:

	Agreement:

· For Case 8 of valid RO overlapping with dynamically scheduled DL reception, down-select from the following options
· Option 1: Reuse the existing collision handling principles of Rel-15/16 for NR TDD for operation on a single carrier /single cell in unpaired spectrum

· Option 2: Leave to UE implementation whether to receive the DL or transmit the PRACH on a valid RO

· Option 3: Follow the handling of Case 1 to cancel PRACH based on a timeline that when the cancellation timeline is satisfied, the UE cancels the PRACH transmission and receives the DL signal/channels on the symbols overlapping with PRACH occasion (Interpretation 2 in R1-2103809)

· Option 4: Valid RO is prioritized over dynamic DL that UE performs PRACH transmission and does not perform the DL receptions (Interpretation 3 in R1-2103809)

· Option 5: When the cancellation timeline is satisfied, the UE neither performs transmission nor receives any DL signal/channels on the symbols overlapping with PRACH occasion (Interpretation 1 in R1-2103809)

· FFS: whether or not the set of symbols overlapping with dynamic DL reception includes also Ngap symbols before the valid RO and whether the same value for Ngap in current spec is reused for HD-FDD

· FFS: whether or not the same principle is applied to PUSCH occasion of MSGA in 2-step RACH, if supported


Similar to the analysis in the case of valid RO overlapping with PDCCH in Type 0/0A/1/2 CSS set，if a valid RO is not used for preamble transmission, the collision between the valid RO and dynamically scheduled DL reception does not exist. 

For HD-FDD RedCap UEs, the collision between valid RO and dynamically scheduled DL reception happens only when the UE intends to send preamble on the valid RO which is overlapped with dynamically scheduled DL reception in time domain.

For Case 8 of valid RO on which HD-FDD RedCap UE intends to send preamble overlapping with dynamically scheduled DL reception, Option 1 is supported.

Observation 12: For HD-FDD RedCap UEs, the collision between valid RO and UE-dedicated configured DL reception happens only when the UE intends to send preamble on the valid RO which is overlapped with dynamically scheduled DL reception in time domain.

Proposal 14: For Case 8 of valid RO on which HD-FDD RedCap UE intends to send preamble overlapping with dynamically scheduled DL reception, Option 1 is supported; otherwise, dynamically scheduled DL reception is prioritized.
· Collision handling principle for SSB and valid RO

In legacy NR of unpaired spectrum, according to the description in section 11.1 of TS38.213, the reception of the configured SSB is prioritized in case that configured SSB collides with the dynamically scheduled or configured UL transmission: 
	TS 38.213 Section 11.1
For operation on a single carrier in unpaired spectrum, for a set of symbols of a slot indicated to a UE by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon, for reception of SS/PBCH blocks, the UE does not transmit PUSCH, PUCCH, PRACH in the slot if a transmission would overlap with any symbol from the set of symbols and the UE does not transmit SRS in the set of symbols of the slot. The UE does not expect the set of symbols of the slot to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, when provided to the UE.


Since TDD UL/DL slot configuration is not suitable for HD-FDD RedCap UEs, the collision handling rule for HD-FDD RedCap UEs may not completely reuse the rule of legacy TDD NR. When a valid RO is used for preamble transmission by a HD-FDD RedCap UE, the valid RO is prioritized over SSB reception.
Proposal 15: From HD-FDD RedCap UE’s perspective, when a valid RO is overlapped with SSB in time domain, if the valid RO is used for sending preamble by the UE, the valid RO is prioritized; otherwise, SSB reception is prioritized.
Case 9: Collision due to direction switching

In RAN1#104bis-e meeting, a working assumption for Case 9 was made as follows:

	Working Assumption: For HD-FDD, reuse the same principle as Rel-15/16 UE not capable of full-duplex communication

· A HD-FDD UE is not expected to transmit in the uplink earlier than [[image: image5.png]Nooo.
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] after the end of the last received downlink symbol in the same cell
· A HD-FDD UE is not expected to receive in the downlink earlier than [[image: image7.png]Noos.
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]  after the end of the last transmitted uplink symbol in the same cell
· FFS NTX-RX and NRX-TX
· FFS: how it jointly works with the agreement for other collision cases 


First, we want to clarify that “last received downlink symbol” or “last transmitted uplink symbol” in this WA may not be equivalent to “last scheduled/configured downlink symbol” or “last scheduled/configured uplink symbol”. In Figure 1, if the collision between UL transmission and DL reception is avoided by gNB scheduler, the “last received downlink symbol” equals to “last scheduled/configured downlink symbol”.
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Figure 1: An example of resource allocation for UL transmission and DL reception, No collision
In Figure 2, if collision between UL transmission and DL reception happens, taking collision Case 2 as an example, semi-statically configured DL reception is collided with dynamically scheduled UL transmission. Based on the collision handling rule of Case 2, dynamically scheduled UL transmission is prioritized, a set of symbols in the last part of DL reception will not be received. The size of the set of symbols depends on the value of Rx to Tx switching time. Therefore, the “last received downlink symbol” in Figure 2 is not equivalent to “last scheduled/configured downlink symbol”. 
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Figure 2: An example of resource allocation for UL transmission and DL reception with collision
Based on the above clarification, the collision handling rule defined in Case 9 should be used as the basic rule.  That is to say, any collision handling rule defined in Case1~Case 8 should follow the restriction defined in Case 9.

Proposal 16: Confirm the WA for Case 9 made in RAN1#104bis-e meeting. 

Proposal 17: For HD-FDD RedCap UEs, any collision handling rule defined in Case1~Case 8 should follow the restriction defined in Case 9.

4. Conclusions

In this contribution, we have discussed the open issues on half duplex operation for RedCap UEs. We make the following observations and proposals:

Observation 1: For Case 1, Tproc,2 in the existing collision handling rule in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum is large enough to cover the switching time from Rx to Tx.

Observation 2: From UE’s perspective, the UE can do calibration of time synchronization and frequency offset correction by detecting SSB. It has benefit on subsequent transmission performance of the UE.

Observation 3: If it is up to UE implementation whether to receive the SSB or do the UL transmission, it will lead to ambiguities for both UE and gNB procedures.
Observation 4: If SSB reception is prioritized during RA procedure, the RA procedure may be interrupted by not sending Msg3 from UE in case the allocated resource of Msg3 and SSB are overlapped in time domain. It results in the significant increase of access latency of RA procedure.

Observation 5: On the premise of earlier indication of HD-FDD RedCap UEs, gNB can solve the collision between Msg3 transmission and SSB reception for HD-FDD RedCap UEs by scheduling UL resources for Msg3 that are not overlapped with SSB.

Observation 6: It results in the fragmentation of PRACH resources if both HD-FDD and FD-FDD RedCap UEs need to be identified by separate PRACH configuration.

Observation 7: If not supporting earlier indication of HD-FDD RedCap UEs, in order to solve the collision, gNB should schedule UL resources for Msg3 that are not overlapped with SSB whatever the UE is a HD-FDD RedCap UE or not. As a result, the average access latency of random access procedure for FD-FDD RedCap UEs will be increased.

Observation 8: Since UL and DL are separate in frequency domain for FDD system, from UE’s perspective, if a valid RO is not used for preamble transmission, the collision between the valid RO and PDCCH does not exist.

Observation 9: For HD-FDD RedCap UEs, when a valid RO is overlapped with PDCCH in time domain, the UE can receive the PDCCH if it intends not to send preamble on the valid RO. 
Observation 10: For HD-FDD RedCap UEs, the collision between valid RO and PDCCH in Type 0/0A/1/2 CSS set happens only when the UE intends to send preamble on the valid RO which is overlapped with PDCCH in Type 0/0A/1/2 CSS set in time domain.
Observation 11: For HD-FDD RedCap UEs, the collision between valid RO and UE-dedicated configured DL reception happens only when the UE intends to send preamble on the valid RO which is overlapped with UE-dedicated configured DL reception in time domain.

Observation 12: For HD-FDD RedCap UEs, the collision between valid RO and UE-dedicated configured DL reception happens only when the UE intends to send preamble on the valid RO which is overlapped with dynamically scheduled DL reception in time domain.
Proposal 1: There is no need to further consider semi-static TDD-like slot format for HD-FDD RedCap UEs.
Proposal 2: For Case 1, there is no need to extend the timeline to include the RX/TX switching time for HD-FDD Redcap UEs.

Proposal 3: PUCCH configured by high layer signaling PUCCH-ConfigCommon can be classified as dynamically scheduled UL transmission.
Proposal 4: For Case 3, cell-specifically configured DL reception refers to CORESET for Type-0/0A/1/2 CSS set.
Proposal 5: For Case 3, cell-specifically configured UL transmission refers to valid RO and MsgA PUSCH (if supported).

Proposal 6: Collision handling rule for cell-specifically configured DL reception vs. cell-specifically configured UL transmission should not be treated in Case 3.
Proposal 7: For a dynamically scheduled UL transmission overlaps with an SSB, if the dynamically scheduled UL transmission happens during random access procedure, the dynamically scheduled UL transmission is prioritized; otherwise, the SSB reception is prioritized.
Proposal 8: For Case 5, when a semi-static configured UL transmission overlaps with an SSB, Option 2 is prioritized, that is, reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over semi-static configured UL transmission. 

- The semi-static configured UL transmission refers to configured SRS, CG PUSCH and UE-specific configured PUCCH.

Proposal 9: For Case 5, Tx/Rx switching time should be considered when determining the collision handling rules.

· When SSB reception is prioritized, the UE is not expected to do UL transmission in a set of symbols that occur within Tx to Rx switching time relative to the first symbol of SSB, and the UE is not expected to do UL transmission in a set of symbols that occur within Rx to Tx switching time relative to the last symbol of SSB.

· When UL transmission is prioritized, the UE is not expected to do SSB reception in a set of symbols that occur within Rx to Tx switching time relative to the first symbol of the UL transmission, and the UE is not expected to do SSB reception in a set of symbols that occur within Tx to Rx switching time relative to the last symbol of the UL transmission.
Proposal 10: For HD-FDD RedCap UEs, it is suggested to reuse the same definition of valid RO in legacy FDD NR.

Proposal 11: For Case 8 of valid RO on which HD-FDD RedCap UE intends to send preamble overlapping with PDCCH in Type 0/0A/1/2 CSS set, Option 1 is supported, that is, valid RO is prioritized; otherwise, PDCCH in Type 0/0A/1/2 CSS set is prioritized.
Proposal 12: For Case 8 of valid RO overlapping with PDCCH in Type 0/0A/1/2 CSS set, if the valid RO is not restricted to the RO on which HD-FDD RedCap UE intends to send preamble, 
- Valid RO is prioritized if valid RO is overlapped with PDCCH in Type 0/0A CSS set

- PDCCH in Type 1 CSS set is prioritized if valid RO is overlapped with PDCCH in Type 1 CSS set

- PDCCH in Type 2 CSS set is prioritized if valid RO is overlapped with PDCCH in Type 2 CSS set

Proposal 13: For Case 8 of valid RO on which HD-FDD RedCap UE intends to send preamble overlapping with UE-dedicated configured DL reception, Option 1 is supported, that is, valid RO is prioritized; otherwise, UE-dedicated configured DL reception is prioritized.
Proposal 14: For Case 8 of valid RO on which HD-FDD RedCap UE intends to send preamble overlapping with dynamically scheduled DL reception, Option 1 is supported; otherwise, dynamically scheduled DL reception is prioritized.
Proposal 15: From HD-FDD RedCap UE’s perspective, when a valid RO is overlapped with SSB in time domain, if the valid RO is used for sending preamble by the UE, the valid RO is prioritized; otherwise, SSB reception is prioritized.
Proposal 16: Confirm the WA for Case 9 made in RAN1#104bis-e meeting. 

Proposal 17: For HD-FDD RedCap UEs, any collision handling rule defined in Case1~Case 8 should follow the restriction defined in Case 9.
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