3GPP TSG RAN Meeting #93-e							                  RP-211991
Electronic Meeting, September 13 - 17, 2021
Agenda item:	9.3.1.5
Source: 	CMCC
Title: 	Discussion on the HD-FDD type UE in NR coverage enhancements
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
In the RAN1 #106e meeting, one issue about whether current determination criteria of the available slot for PUSCH repetition type A is compatible with the HD-FDD type UE was raised during the online discussion. 

The HD-FDD type UE is explicitly supported in the Redcap WID [1]. And the RedCap UEs will also face the issues of coverage. Currently, no UE type is explicitly mentioned in the NR coverage enhancements WID [2], which means all the UE type are included. The coverage enhancements to HD-FDD should be also considered during the CE discussions. Compared with FD-FDD UE, the HD-FDD UE has more limitations. The 2-step procedure of the available slot based PUSCH repetitions type A should consider those limitations and compatible with HD-FDD UE.

In this contribution, we provide our analysis and observations on the collision issues of HD-FDD UE and the 2-step procedure of the available slot based PUSCH repetition type A. And the proposals are also presented to solve the issue. 
Discussion
2.1 The 2-step procedure of the available slot based PUSCH repetitions

Following the WID of NR coverage enhancements, the available slot for PUSCH repetition type A was discussed. Several agreements related to the determination of available slot have been achieved as below.

	Agreement
Take Option 1-B as an agreement for the procedure of Rel-17 PUSCH repetitions counted on the basis of available slots.
· Alt 1-B consisting of two steps
· Step 1: Determine available slots for K repetitions based on RRC configuration(s) in addition to TDRA in the DCI scheduling the PUSCH, CG configuration or activation DCI
· Step 2: The UE determines 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.
· FFS: Rel-17 PUSCH dropping rules are also applied if introduced in other WI(s)

Agreement:
· If PUSCH symbol in a slot overlaps with flexible symbol(s) with SSB transmission, the slot is determined as not available during the counting of repetitions. As there is no PUSCH in the slot, no PUSCH omission applies to the slot.

Agreements:
For defining available slots: a slot is determined as unavailable if at least one of the symbols indicated by TDRA for a PUSCH in the slot overlaps with the symbol not intended for UL transmissions.
· FFS details



For the PUSCH repetition type A based on the available slot, it was agreed that the available slots should be determined based on RRC configurations and then repetitions could be dropped based on Rel-15/16 rules. And the slot overlapped with flexible symbols with SSB transmission are not considered as the available slot. Though the agreements and rules do not explicitly mention any type of UE, it should be suitable for all the UE types. 
2.2 The collision rules of HD-FDD RedCap UE

Within the discussion in Redcap, the collision issues of the HD-FDD type UE were discussed and some conclusions are also made. 

	Conclusion:
· No consensus of specification support of semi-static UL/DL pattern to HD-FDD RedCap UEs in Rel-17.



According to the conclusion in #105e, no semi-static UL/DL pattern will be defined for HD-FDD RedCap UE. Then there is no explicit reference for the determination of available slots. In addition, six cases about the UL and DL collisions of HD-FDD RedCap UEs are defined and provide guidance for the UE behaviors. The HD-FDD Redcap UE who supports the CE feature should follow both the collision rules and the 2-step approach of the available slot determination. The six use cases are listed below. 
· Case 1, dynamically scheduled DL reception vs. semi-statically configured UL transmission 
· Case 2, semi-statically configured DL reception vs. dynamically scheduled UL transmission
· Case 3, semi-statically configured DL reception vs. semi-statically configured UL transmission
· Case 4, dynamically scheduled DL reception vs. dynamic scheduled UL transmission
· Case 5, SSB overlaps with 
· configured UL transmission 
· dynamically scheduled UL transmission, one or both of the following options to be determined till next meeting:
· Option 1: Dynamically scheduled UL transmission is prioritized over SSB
· Option 2: Reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over dynamically scheduled UL transmission
· Case 8, valid RO overlapping with
· PDCCH in Type 0/0A/1/2 CSS set
· UE-dedicated configured DL reception
· dynamically scheduled DL reception, downselect one of following options in next meeting
· Option 2: Leave to UE implementation whether to receive the dynamically scheduled DL or transmit PRACH
· Option 3: Follow the handling of Case 1 (dynamically scheduled DL reception vs. semi-statically configured UL transmission)
· Option 4: Valid RO is prioritized over dynamic DL reception

In Case 1, the semi-static configured UL transmission are interrupted by dynamic scheduling DL receptions. For the 1st step, the determination of the available slot, there is no difference as the available slots are determined for the UL configured transmission before DL interruptions. And for the 2nd step, the dropping rule, current conclusion of Case 1 is to follow the existing collision handling principles in Rel-15/16 NR, which is also aligned with CE agreements. 

Observation 1:
There is no conflict between HD-FDD Case 1 and the 2-step procedure of the available slot PUSCH repetitions. 

For Case 2, the semi-statically configured DL reception will be interrupted by the dynamically scheduled UL transmission. If the semi-static configured DL transmission in the DL carrier is not considered for the available determination, the slots in the UL carrier are all available slots and could be scheduled at any instance. And according to the spirit of the Case 2 agreement, UE could be dynamically scheduled at any time though a semi-static DL reception is configured and overlapped. Then there is no need to further consider the semi-static configuration of DL reception as one component to determine the available slot for HD-FDD. There is no conflict between Case 2 and determination of available slots. And in this case, the UL transmission has a higher priority. Then the dropping rule will not take effect. 

Observation 2:
According to the spirit of Case 2 agreement, there is no need to consider the semi-static configured DL reception as one component to determine the available slot. 

Observation 3:
There is no conflict between Case 2 and the 2-step procedure of the available slot PUSCH repetitions. 

For Case 3, the semi-static configured DL reception and semi-static configured UL transmission, HD-FDD UEs are not expected to receive or transmit at the same symbol according to the high layer parameter configurations. As the case will not happen, the HD-FDD UE could considered the symbols in the UL carrier as available, which is the same as the full duplex FDD UE. If the semi-static configured DL transmission is configured for the UE, though all the UL slots could be considered as available slot, the gNB should not to configure the UL transmission which is conflict with the DL reception for the UE. And if the semi-static configured UL transmission is configured in front of the DL reception, there is no conflict to consider all the slots in the UL carrier as available slots. After that, since there will be no conflict between UL and DL, when the UL transmission is carried out, gNB will not configure a conflicted DL reception for the UE. Then the 2nd step of dropping rule would not be used.

Observation 4:
There is no conflict between the Case 3 of HD-FDD and the 2-step procedure of the available slot PUSCH repetitions.

For Case 4, dynamic scheduled DL reception vs. dynamic scheduled UL transmission, it is an error case if HD-FDD UE is dynamically scheduled DL reception overlaps with a dynamically scheduled UL transmission according to the agreements. This is similar with Case 3. Once the UL is scheduled in front, all the slots in the UL carrier could be considered as available. And the dynamically scheduled DL fater that will not overlapped with the UL, then no dropping rule is needed. On the otherwise, if the dynamically scheduled DL happens first, till all the slots in the UL carrier could be considered as available. But the gNB will not schedule the UL transmission which is conflict with DL receptions. There is no conflict between the collision rule of Case 4 and the determination of available slots.

Observation 5：
There is no conflict between the collision rule of Case 4 and the 2-step procedure of the available slot PUSCH repetitions. 

For Case 5, SSB overlaps with configured UL transmission and dynamically scheduled UL transmission. When the SSB overlaps with the configured UL transmission, the SSB is prioritized over configured UL transmission, according to current HD-FDD agreements. As the SSBs are configured semi-statically, it could be determined as not available for the repetition in the 1st step. This is aligned with the spirit of the agreement of CE that the slot overlapped with flexible symbol(s) with SSB transmission is determined as not available during the counting of the repetitions. But the agreement is obviously for TDD as the there is no flexible symbols explicitly defined for the HD-FDD. A minor revision of the current CE agreement could make it also fit to the HD-FDD UEs whose SSB overlapped with configured UL transmission. The updates could be as below,

· If PUSCH symbol in a slot overlaps with flexible symbol(s) with SSB transmission for HD-FDD UEs, the slot is determined as not available during the counting of repetitions. As there is no PUSCH in the slot, no PUSCH omission applies to the slot.

Observation 6:
Minor revision of the current CE agreement could fit to the situation of SSB overlapped with configured UL transmission in Case 5. Details are as below, 
· If PUSCH symbol in a slot overlaps with flexible symbol(s) with SSB transmission for HD-FDD UEs, the slot is determined as not available during the counting of repetitions. As there is no PUSCH in the slot, no PUSCH omission applies to the slot.

For the other part of Case 5, the SSB overlaps with dynamically scheduled UL transmission, which has a higher priority is left for decision between Option 1 and 2 in the next RAN1 meeting. In the option 2, the SSB is prioritized over dynamically scheduled UL transmission. It could be realized through the modified rule in Observation 5, in which the slots overlapped with SSB transmission will not be considered as the available slots. Then when a UL transmission is scheduled, the slot overlapped with SSB will not be counted in. But if the option 1 is adopted, the slots overlapped with SSB should be counted as available for the PUSCH repetitions. Then there is no need to update the rule of available slot determination. The determination rule of the available slots in HD-FDD could consider all the slots in UL carrier as available like FD-FDD UE. Instead, a new dropping rule of step 2 should be introduced to solve the confliction between SSB and configured UL transmission in HD-FDD.

Observation 7:
The confliction between SSB and dynamically scheduled UL transmission are left for next RAN1 meeting. Different options under this issue will induce diverse rules to determine the available slot, 
and even different between HD-FDD and TDD use cases.

For Case 8, valid RO overlaps with cell-specific and UE-dedicated configured DL receptions and dynamically scheduled DL receptions. The conflictions between RO and cell-specific and UE-dedicated configured DL receptions are left to implementations. For the determination of the available slot, there is no need to preclude the RO as available slots. And no matter the UL transmission is dynamically scheduled or configured, the conflictions with cell-specific and UE-dedicated configured DL are within the scope of Case 2 and Case 3 and have been solved. And the confliction between PRACH and PUSCH, which is the same issue for TDD, could be also solved by gNB through scheduling. And the only impact is to consider it as one of the dropping cases. 

The confliction between valid RO and dynamically scheduled DL reception are for further down selection in next RAN1 meeting. Though we think the PRACH should have the highest priority over dynamic scheduled DL and UL, it does not impact to consider the slot with valid RO as an available slot. For the confliction between the dynamic scheduled DL reception and configured or dynamic scheduled UL transmission, it drops into the scope of Case 1 and Case 4 (error case). And if a PRACH transmission happens in the valid RO, a PUSCH repetition dropping could be counted, which is not a HD-FDD specific case. For the option 2, 3 and 4, there is no impact to the determination the available slot. And the option 2 and option 3, they could also drop into the scope of collision Case 1, in which a dropping rule could be clarified according to current HD-FDD agreements. 

Observation 8: 
There is no need to considered the slot with valid RO as not available slot for the PUSCH repetition type A, at least from the perspective of HD-FDD UE.

Observation 9:
No confliction is observed between the Case 8 and the 2-step procedure of available slot PUSCH repetitions. All the issues are dropped into the scope of Case 1, 2 and 4. 

Based on the discussion and observations above, only Case 5 may have impacts and may induce different rules for the 2-step procedure of the available slot based PUSCH repetitions. Though the other five cases do not have such an issue, we should solve this issue under the agenda item of CE. 

Proposal 1:
Solve the potential conflict issue between Case 5 in HD-FDD RedCap UE and CE 2-step procedure of the available slot based PUSCH repetitions under the AI of CE.

Considering the limited RAN plenary meetings left in this year, to avoid the controversial discussion whether this is within the scope of NR coverage enhancement, an updated wording of the objectives are proposed as below,

	4	Objective

<unchanged parts are omitted>
· Specification of PUSCH enhancements [RAN1, RAN4]
· Specify the following mechanisms for enhancements on PUSCH repetition type A [RAN1]
· Increasing the maximum number of repetitions up to a number to be determined during the course of the work.
· The number of repetitions counted on the basis of available UL slots.
· Note, the HD-FDD RedCap UE is included.

<unchanged parts are omitted>




Proposal 2:
Update the WID of CE as below, to further discuss and solve the issue of 2-step procedure of the available slot based PUSCH repetition type A in HD-FDD type A RedCap UE.

	4	Objective

<unchanged parts are omitted>
· Specification of PUSCH enhancements [RAN1, RAN4]
· Specify the following mechanisms for enhancements on PUSCH repetition type A [RAN1]
· Increasing the maximum number of repetitions up to a number to be determined during the course of the work.
· The number of repetitions counted on the basis of available UL slots.
· Note, the HD-FDD RedCap UE is included.

<unchanged parts are omitted>




Conclusions
In this contribution, we provide our analysis and observations on the collision issues of HD-FDD UE and the 2-step procedure of the available slot based PUSCH repetition type A. And the observation and proposals are as below. 

Observation 1:
There is no conflict between HD-FDD Case 1 and the 2-step procedure of the available slot PUSCH repetitions. 

Observation 2:
According to the spirit of Case 2 agreement, there is no need to consider the semi-static configured DL reception as one component to determine the available slot. 

Observation 3:
There is no conflict between Case 2 and the 2-step procedure of the available slot PUSCH repetitions. 

Observation 4:
There is no conflict between the Case 3 of HD-FDD and the 2-step procedure of the available slot PUSCH repetitions.

Observation 5：
There is no conflict between the collision rule of Case 4 and the 2-step procedure of the available slot PUSCH repetitions. 

Observation 6:
Minor revision of the current CE agreement could fit to the situation of SSB overlapped with configured UL transmission in Case 5. Details are as below, 
· If PUSCH symbol in a slot overlaps with flexible symbol(s) with SSB transmission for HD-FDD UEs, the slot is determined as not available during the counting of repetitions. As there is no PUSCH in the slot, no PUSCH omission applies to the slot.

Observation 7:
The confliction between SSB and dynamically scheduled UL transmission are left for next RAN1 meeting. Different options under this issue will induce diverse rules to determine the available slot, 
and even different between HD-FDD and TDD use cases.

Observation 8: 
There is no need to considered the slot with valid RO as not available slot for the PUSCH repetition type A, at least from the perspective of HD-FDD UE.

Observation 9:
No confliction is observed between the Case 8 and the 2-step procedure of available slot PUSCH repetitions. All the issues are dropped into the scope of Case 1, 2 and 4. 

Proposal 1:
Solve the potential conflict issue between Case 5 in HD-FDD RedCap UE and CE 2-step procedure of the available slot based PUSCH repetitions under the AI of CE.

Proposal 2:
Update the WID of CE as below, to further discuss and solve the issue of 2-step procedure of the available slot based PUSCH repetition type A in HD-FDD type A RedCap UE.

	4	Objective

<unchanged parts are omitted>
· Specification of PUSCH enhancements [RAN1, RAN4]
· Specify the following mechanisms for enhancements on PUSCH repetition type A [RAN1]
· Increasing the maximum number of repetitions up to a number to be determined during the course of the work.
· The number of repetitions counted on the basis of available UL slots.
· Note, the HD-FDD RedCap UE is included.

<unchanged parts are omitted>
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Annex: related agreements of HD-FDD UE in RedCap
#104bis
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

For Case 4: dynamically scheduled DL reception vs. dynamic 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
· That is, it is considered as an error case if a dynamically scheduled DL reception overlaps with a dynamically scheduled UL transmission

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

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

#105e
Agreement:
· For Case 2 (semi-statically configured DL reception vs. dynamically scheduled UL transmission), a HD-FDD RedCap UE is not required to monitor ULCI
· No special handling on the priority rule for PDCCH carrying ULCI

#106e
Agreement: 
· For Case 5 of SSB overlaps with in configured UL transmission, re-use the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over configured UL transmission
· The configured UL transmission includes CG-PUSCH, or SRS
· FFS: Confirm that PUCCH is included 

Agreement
· For Case 5 of SSB overlaps with configured UL transmission, the configured UL transmission includes PUCCH transmission configured by higher layers
· Note:  The UL transmission indicated by DCI is supposed to be dynamic UL transmission.

Agreement 
· For Case 5 of dynamically scheduled UL transmission vs. SSB, one or both of the following options to be determined till next meeting:
· Option 1: Dynamically scheduled UL transmission is prioritized over SSB
· Option 2: Reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over dynamically scheduled UL transmission
· FFS: whether or not the same UE behavior is applied to Msg3 (re)transmission and PUCCH for msg4

Agreement
Confirm this Working Assumption.
Working Assumption
· For Type-A HD-FDD UEs, all ROs applicable to RedCap UEs are valid (same as FD-FDD RedCap UEs), and for the case of SSB overlapping with valid RO from cell specific point of view, leave it to UE implementation whether to receive SSB or transmit PRACH
· No support of differentiating of ROs for Type-A HD-FDD Redcap UEs and FD FDD RedCap UEs 

Agreement
Confirm this Working Assumption. 
Working Assumption
· For Case 8 of valid RO overlapping with PDCCH in Type 0/0A/1/2 CSS set, leave it to UE implementation whether to receive configured PDCCH or transmit PRACH
· FFS: whether or not there are conditions (e.g., exception for valid RO not intended for PRACH transmission) that need to be considered.
· Note: For valid RO intended for PRACH triggered by PDCCH order, it has been covered in Case 2.

Agreement
· For Case 8 of valid RO overlapping with dynamically scheduled DL reception, downselect one of following options in next meeting
· Option 2: Leave to UE implementation whether to receive the dynamically scheduled DL or transmit PRACH
· Option 3: Follow the handling of Case 1 (dynamically scheduled DL reception vs. semi-statically configured UL transmission)
· Option 4: Valid RO is prioritized over dynamic DL reception

