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[bookmark: _Ref521334010]Introduction
In RAN#90-e, a new Rel-17 WI on support of reduced capability NR devices, i.e. RedCap, was approved [1]. The latest WID was updated in RAN#92-e [2]. It was agreed to reduce Rx numbers, reduce DL MIMO layers, relax modulation order and support half-duplex (HD) mode for RedCap UE, aiming at reducing the complexity/cost of NR devices. Specifically, for HD-FDD, the following agreements were reached in RAN1#107-e [3].
	Agreement
· For Case 5 of dynamically scheduled UL transmission vs. SSB, support Option 2 at least for dynamically scheduled UL transmission other than Msg3 (re)transmission and PUCCH for Msg4
· Option 2: Reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over dynamically scheduled UL transmission
Agreement
· For MsgA PUSCH occasion overlapping with dynamic or semi-static DL reception, leave it to UE implementation to prioritize the DL reception or MsgA PUSCH transmission
Agreement
· For the case of the “back-to-back” non-overlapping UL/DL without sufficient gap between cell specific configured DL and cell-specific configured UL, e.g., SSB or PDCCH in CSS vs. valid RO, it is up to UE implementation to ensure that the switching time is satisfied
Agreement
      The “back-to-back” non-overlapping UL/DL without sufficient gap between cell-specific configured DL and dedicated configured UL may happen, i.e., allowed for HD-FDD UEs
· E.g., SSB vs. CG PUSCH, PUCCH or SRS
· Configured UL transmission is cancelled (as in the overlapping case)
· The “back-to-back” non-overlapping UL/DL without sufficient gap between dedicated configured DL and cell-specific configured UL may happen, i.e., allowed for HD-FDD UEs
· E.g., PDCCH in USS, SPS PDSCH, CSI-RS or DL PRS vs. valid RO
· Leave it to UE implementation to cancel either DL reception or UL transmission to ensure sufficient switching time
Agreement
·       No additional UE behavior for DL/UL collision handling is specified in Rel-17 if SFI monitoring is supported for HD-FDD RedCap UEs.


In this contribution, we discuss the remaining aspects related to complexity reduction for RedCap UE, focusing on the HD-FDD operation. 

Discussion
SSB vs. Msg3 for HD-FDD operation
In RAN1#107-e, RAN1 discussed whether prioritizing SSB is suitable in case of overlapping between SSB and dynamically scheduled UL channels. From view of network, this will limit the resource scheduling of UL and reduce the peak data rate of HD-FDD UE. However, the group still agreed to prioritize SSB, due to the solid reason that a HD-FDD UE heavily relies on the reception of SSB to work properly, e.g. for calibration, synchronization, phase tracking. If the dynamic UL is prioritized than SSB, the HD-FDD UE behavior may be unpredictable, subject to the detailed implementation. Hence, the motivation of prioritizing SSB than dynamic UL is not better performance, but simpler, easier and robust HD-FDD UE implementation.
Observation 1: The motivation of prioritizing SSB than dynamic UL is not better performance, but simpler, easier and robust HD-FDD UE implementation.
According to the SR, one remaining issue is the collision handling between SSB and Msg3 or PUCCH in response to Msg4/MsgB [5]. In fact, Msg3 and PUCCH for Msg4/MsgB can be categorized as dynamic UL. The reason to discuss this special case is that the gNB is not aware of whether the RedCap UE is FD-FDD or HD-FDD during the RACH procedure. There is no early indication mechanism to distinguish HD-FDD and FD-FDD. Ambiguous understanding may arise between the gNB and the HD-FDD UE. 
Therefore, three possible alternatives are considered. 
· Alt 1: Apply unified rule, i.e. SSB is prioritized,
· Alt 2: Msg3 and PUCCH for Msg4/MsgB are prioritized.
· Alt 3: Up to UE implementation.
For Alt 1, as can be foreseen, it can facilitate simple HD-FDD UE implementation. A HD-FDD UE does not need to implement different collision handling rules for different dynamic UL channels. More importantly, the HD-FDD UE can feel free to receive/measure SSB, and perform related calibration or synchronization at any time. On the contrary, Alt 2 means the HD-FDD UE shall perform different behaviors in different phases, i.e. prioritize dynamic UL in one time but SSB in another time. The implementation, even if feasible, has higher complexity. Alt 3 is like a compromise between Alt 1 and Alt 2.
From view of standard impact, obviously Alt 2 is higher than Alt 1 and Alt 3, since the spec has to capture such ‘special case’ as an exception of the existing rules. In fact, not only Msg3 and PUCCH for Msg4/MsgB, all the UL transmissions before establishing RRC configuration may need to be included in this ‘special case’, which has higher priority than SSB. For instance, the PUSCH carrying UE capability report (after Msg4 but before RRC configuration is activated) may also be prioritized, since the gNB does not know that the UE is a HD-FDD one at that time, either.
Observation 2: If Msg3 and PUCCH for Msg4/MsgB are prioritized than SSB, other UL channels before establishing RRC configuration should also have higher priority than SSB.
The shortage of Alt 1 and Alt 3 is the mis-aligned understanding between gNB and HD-FDD UE, in case the scheduled Msg3 or PUCCH for Msg4/MsgB is collided with SSB. When the gNB is trying to receive the Msg3 or PUCCH, it may not be transmitted by the HD-FDD UE actually. Nevertheless, the whole system is not broken. Take Msg3 from Alt 1 for example:
1. In time domain, the percentage of SSB is typically less than 25%, e.g. half-frame SSB burst duration in every 20 ms period. This means that the collision may not happen in the most of the time.
2. Even if mis-alignment happens, the gNB can schedule retransmission of Msg3.
3. By implementation, the gNB can give priority to scheduling Msg3 of RedCap UE in slots not overlapping with SSB. But the gNB can still try to schedule Msg3 of RedCap UE in slots overlapping with SSB. 
4. By implementation, the HD-FDD UE can transmit the Msg1 in the slots that has less possibility to result in collision between Msg3 and SSB. For example, the HD-FDD UE can transmit Msg1 in the half-frame that no SSB is transmitted.
With the analysis above, our first preference is Alt 1, i.e. unified rule for Msg3, Msg4 PUCCH and other dynamic UL. Our second choice is Alt 3, which sounds considerable since the collision handling between SSB and some other UL channels during RACH procedure (e.g. PRACH and MsgA) are also up to UE implementation. Alt 2 is less preferred but acceptable, since it simplifies the implementation of gNB, and the utilization of UL resource is relatively higher.
Proposal 1: For the case of SSB vs. Msg3 and PUCCH for Msg4/MsgB,
· Alt1 (1st preference): Unified rule is applied, i.e. SSB is prioritized.
· Alt2 (3rd preference): UL channels before establishing RRC configuration are prioritized, including Msg3 and PUCCH for Msg4/MsgB. 
· Alt 3 (2nd preference): Up to UE implementation.
Moreover, in RAN1#107bis-e, the following agreements were reached in Coverage Enhancement (CE) topic, which contributes to the complement of HD-FDD operation [4].
	Agreement
· The counting based on available slots is applicable to unpaired spectrum, paired spectrum and SUL
· For paired spectrum and SUL except HD-FDD, all slots are considered as available slots in the first step of determining the available slots.
Agreement
· For HD-FDD RedCap Ues supporting the counting based on available slots.
· For CG-PUSCH, ssb-PositionsInBurst is used in the first step of determining of available slots.
· A slot is not counted in the number of available slots if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot overlaps with a symbol of an SS/PBCH block with index provided by ssb-PositionInBurst.
· FFS: For DG-PUSCH
· Note: Neither tdd-UL-DL-ConfigurationCommon nor tdd-UL-DL-ConfigurationDedicated is configured for FDD.
Agreement
· For HD-FDD RedCap Ues supporting the counting based on available slots.
· For DG-PUSCH, ssb-PositionsInBurst is used in the first step of determining of available slots.
·   A slot is not counted in the number of available slots if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot overlaps with a symbol of an SS/PBCH block with index provided by ssb-PositionInBurst.
Note: Neither tdd-UL-DL-ConfigurationCommon nor tdd-UL-DL-ConfigurationDedicated is configured for FDD.
Agreement
All slots are considered as available slots for Msg3 repetition for both FD-FDD UEs and HD-FDD RedCap UEs.


According to the agreement of CE topic, all slots are considered as available slots for Msg3 repetition for both FD-FDD UEs and HD-FDD RedCap UEs. Note that, for Msg3 repetition, it only works based on available slot counting, regardless RRC configuration. It is worth to mention that the above agreement is applied to Step 1 in the 2-step procedure of available slot counting, i.e. available slot determination.
	Step 1: Determine available slots for Type A PUSCH repetitions based on RRC configuration(s) in addition to TDRA in the DCI scheduling the PUSCH, CG configuration or activation DCI.
Step 2: Determine whether to drop a PUSCH repetition or not according to Rel-15/16 PUSCH dropping rules, but the PUSCH repetition is still counted in the K repetitions.


With this agreement, when HD-FDD operation is combined with Msg3 repetition, RV mis-alignment can be avoided between gNB and HD-FDD UE, regardless SSB is prioritized or not. However, whether SSB is prioritized than Msg3 will lead to different consequence to complete the whole design of Msg3 repetition for HD-FDD UE:
· If Alt 1 is adopted, i.e. SSB is prioritized, though the overlapped slots are counted as available, the HD-FDD UE still has to drop the Msg3 repetition(s) in the overlapped slot(s). This means that the SSBs indicated by ssb-PositionsInBurst will lead to dropping Msg3 repetition in Step 2 of the available slot transmission procedure, which shall be captured by the spec.
· [bookmark: _GoBack]If Alt 2 is adopted, i.e. Msg3 is prioritized, the HD-FDD UE shall transmit Msg3 repetition in all UL slots, just the same as FD-FDD UE. This means no update is needed for the 2-step available slot counting procedure.
· If Alt 3 is adopted, i.e. up to UE implementation, no update is needed for the 2-step available slot counting procedure. But it may be captured in other Clause dedicated for half-duplex RedCap UE, i.e. Clause 17.2 of Rel-17 TS 38.213.
We have the following proposal:
Proposal 2: For Msg3 repetition of HD-FDD RedCap UE:
· If Alt 1 is adopted, i.e. SSB is prioritized, SSBs indicated by ssb-PositionsInBurst will be taken into consideration in Step 2 of the available slot counting procedure.
· If Alt 2 is adopted, i.e. Msg3 is prioritized, no update is needed for available slot counting procedure.
· If Alt 3 is adopted, i.e. up to UE implementation, no update is needed for available slot counting procedure. But Clause 17.2 of Rel-17 TS 38.213 may need update.

Partial cancellation of UL
For HD-FDD UE, the current Rel-17 TS 38.213 captures the collision handling case of Dynamic DL vs. semi-static UL as follows:
	If a HD-UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH in a set of symbols and the UE detects a DCI format indicating to the HD-UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
-	the HD-UE does not expect to cancel the transmission of the PUCCH or PUSCH in the set of symbols if the first symbol in the set occurs within  relative to a last symbol of a CORESET where the HD-UE detects the DCI format; otherwise, the HD-UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS38.214], determined from clauses 9 and 9.2.5 or clause 6.1 of [6, TS38.214], or the PRACH transmission in the set of symbols.
-	the HD-UE does not expect to cancel the transmission of SRS in symbols from the subset of symbols that occur within  relative to a last symbol of a CORESET where the HD-UE detects the DCI format. The HD-UE cancels the SRS transmission in remaining symbols from the subset of symbols. 
	 is the PUSCH preparation time for UE processing capability 1 [6, TS 38.214] assuming  and  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format and the SCS configuration of the SRS, PUCCH, PUSCH or , where  corresponds to the SCS configuration of the PRACH if it is 15 kHz or larger; otherwise .


It can see that the current collision handling does not consider whether the HD-FDD UE supports partial cancellation or not. This is mainly because RAN1 has not concluded that a HD-FDD RedCap UE can support partial cancellation or not. However, partial cancellation is an optional capability introduced in Rel-16. By default, it can be supported by TDD or HD-FDD RedCap UE as an optional capability too. We suggest RAN1 to reach consensus on whether HD-FDD RedCap UE can optionally support partial cancellation.
Proposal 3: A HD-FDD RedCap UE can support partial cancellation as an optional capability introduced in Rel-16.
Also note that, the quoted description related to PRACH shall be deleted, since RAN1 has agreed that whether to transmit PRACH is up to UE implementation, which is already captured in another paragraph. 
Then, the following TP can be considered for HD-FDD RedCap UE, which is inspired by the collision handling rule for partial cancellation from single cell TDD operation. 
Proposal 4: Adopt the following TP for TS 38.213, clause 17.2.
	===================== Unchanged parts are omitted=====================
If a HD-UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH in a set of symbols and the UE detects a DCI format indicating to the HD-UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
-	If the HD-UE does not indicate the capability of [partialCancellation], the HD-UE does not expect to cancel the transmission of the PUCCH or PUSCH in the set of symbols if the first symbol in the set occurs within  relative to a last symbol of a CORESET where the HD-UE detects the DCI format; otherwise, the HD-UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS38.214], determined from clauses 9 and 9.2.5 or clause 6.1 of [6, TS38.214], or the PRACH transmission in the set of symbols.
-	If the HD-UE indicates the capability of [partialCancellation], the HD-UE does not expect to cancel the transmission of the PUCCH or PUSCH in symbols from the set of symbols that occur within  relative to a last symbol of a CORESET where the HD-UE detects the DCI format. The HD-UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS 38.214], determined from clauses 9 and 9.2.5 or clause 6.1 of [6, TS 38.214].  
-	the HD-UE does not expect to cancel the transmission of SRS in symbols from the subset of symbols that occur within  relative to a last symbol of a CORESET where the HD-UE detects the DCI format. The HD-UE cancels the SRS transmission in remaining symbols from the subset of symbols. 
	 is the PUSCH preparation time for UE processing capability 1 [6, TS 38.214] assuming  and  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format and the SCS configuration of the SRS, PUCCH, PUSCH or , where  corresponds to the SCS configuration of the PRACH if it is 15 kHz or larger; otherwise .
===================== Unchanged parts are omitted =====================



Conclusion
In this contribution, we provide our views on remaining aspects related to complexity reduction for RedCap UE, focusing on the HD-FDD operation. The observations and proposals are summarized as follows:
Observation 1: The motivation of prioritizing SSB than dynamic UL is not better performance, but simpler, easier and robust HD-FDD UE implementation.
Observation 2: If Msg3 and PUCCH for Msg4/MsgB are prioritized than SSB, other UL channels before establishing RRC configuration should also have higher priority than SSB.
Proposal 1: For the case of SSB vs. Msg3 and PUCCH for Msg4/MsgB,
· Alt1 (1st preference): Unified rule is applied, i.e. SSB is prioritized.
· Alt2 (3rd preference): UL channels before establishing RRC configuration are prioritized, including Msg3 and PUCCH for Msg4/MsgB. 
· Alt 3 (2nd preference): Up to UE implementation.
Proposal 2: For Msg3 repetition of HD-FDD RedCap UE:
· If Alt 1 is adopted, i.e. SSB is prioritized, SSBs indicated by ssb-PositionsInBurst will be taken into consideration in Step 2 of the available slot counting procedure.
· If Alt 2 is adopted, i.e. Msg3 is prioritized, no update is needed for available slot counting procedure.
· If Alt 3 is adopted, i.e. up to UE implementation, no update is needed for available slot counting procedure. But Clause 17.2 of Rel-17 TS 38.213 may need update.
Proposal 3: A HD-FDD RedCap UE can support partial cancellation as an optional capability introduced in Rel-16.
Proposal 4: Adopt the following TP for TS 38.213, clause 17.2.
	===================== Unchanged parts are omitted=====================
If a HD-UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH in a set of symbols and the UE detects a DCI format indicating to the HD-UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
-	If the HD-UE does not indicate the capability of [partialCancellation], the HD-UE does not expect to cancel the transmission of the PUCCH or PUSCH in the set of symbols if the first symbol in the set occurs within  relative to a last symbol of a CORESET where the HD-UE detects the DCI format; otherwise, the HD-UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS38.214], determined from clauses 9 and 9.2.5 or clause 6.1 of [6, TS38.214], or the PRACH transmission in the set of symbols.
-	If the HD-UE indicates the capability of [partialCancellation], the HD-UE does not expect to cancel the transmission of the PUCCH or PUSCH in symbols from the set of symbols that occur within  relative to a last symbol of a CORESET where the HD-UE detects the DCI format. The HD-UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS 38.214], determined from clauses 9 and 9.2.5 or clause 6.1 of [6, TS 38.214].  
-	the HD-UE does not expect to cancel the transmission of SRS in symbols from the subset of symbols that occur within  relative to a last symbol of a CORESET where the HD-UE detects the DCI format. The HD-UE cancels the SRS transmission in remaining symbols from the subset of symbols. 
	 is the PUSCH preparation time for UE processing capability 1 [6, TS 38.214] assuming  and  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format and the SCS configuration of the SRS, PUCCH, PUSCH or , where  corresponds to the SCS configuration of the PRACH if it is 15 kHz or larger; otherwise .
===================== Unchanged parts are omitted =====================
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