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[bookmark: _Ref521334010]Introduction
In RAN#90e, a new Rel-17 WI on support of reduced capability NR devices, i.e. RedCap, was approved [1]. The WID was further updated in RAN#91e [2]. It was agreed to support HD-FDD type A operation for RedCap UE, aiming at reducing the complexity/cost of NR devices:
	…
· Duplex operation:
· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)


The RAN1 leading features have been discussed during RAN1#104e and RAN1#104bis-e, wherein the agreements on HD-FDD operation were reached [3] [4]. In this contribution, we provide our views on the HD-FDD operation for RedCap UE, based on the agreements so far. 

Discussion
Guard time definition
The definition of the guard time for DL-UL / UL-DL switching has been discussed in RAN1#104bis-e. Generally, two different ways were proposed for further study:
· Alt 1: The definition of guard time follows the current NR specification TS 38.211, i.e.  and  [4], where , , and  are defined with very fine granularity.
· Alt 2: The definition of guard time is in symbol level. 
From view of technical effect, Alt 1 has advantage in accuracy. The guard time in Alt 1 is an integer multiple of , which is far finer than a symbol. This provides precise reference for UE vendors in implementation. Also note that, even if  or  is not exactly equal to integer multiple of OFDM symbol, it can automatically adapt to symbol-level guard time. For example, if , both the gNB and UE will know that  symbol(s) cannot be used for transmission.
From simplicity point of view, unless great demand or benefit is found, we would like to keep the standard less complicated. However, new symbol-level guard time brings no technical benefit compared to the current definition for non-full duplex UE, which works well since specified. We do not see strong motivation to introduce a new definition of guard time.
Based on the above reasons, we have the following proposal:
Proposal 1: The definition of guard time for DL-UL/UL-DL switching follows the current definition in TS 38.211. Symbol level guard time is not considered.

Collision handling of different cases
Generally, the potential collision between DL and UL transmission can be addressed by proper configuration/scheduling of the gNB. However, it may be difficult for the gNB to handle the collision perfectly, especially for the case when repetition is scheduled. Therefore, collision handling rules for HD-FDD operation may worth to be specified, and potentially provides scheduling/configuration flexibility for the gNB. 
In RAN1#104bis-e, the collision cases have been discussed and preliminary consensus is reached. But still, there are some open cases to be studied. In the following sub-sections, the remaining collision cases will be discussed.

Case 1 and Case 2
Case 1 and Case 2 are reflecting the possible collision between dynamic channels and semi-static channels of a UE. The following agreement was achieved in RAN1#104bis-e. It has been agreed that the collision handling in Case 1, 2 and 4 follows the handling in single TDD cell in principle. 
	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


For Case 1, it is FFS whether the timeline of HD-FDD will be extended to include the Rx/Tx switching time, compared to the TDD case. For TDD scenarios, DL-UL switching is widely acknowledged, wherein the DL-UL switching time should have already been taken into consideration in the current timeline. Whether the timeline should be extended or not depends on the relationship of the switching times between TDD and HD-FDD. If the switching time of HD-FDD is significantly larger than that of TDD, then the need of extending the timeline may need further investigation; on the contrary, if the switching time of HD-FDD is shorter than that of TDD, or if their switching times are comparable to each other, then it seems unnecessary to extend the timeline. The relationship of the switching times between TDD and HD-FDD may need RAN4’s confirmation.
Observation 1: For Case 1, whether the timeline should be extended depends on the relationship of switching times between HD-FDD and TDD, which may need RAN4’s confirmation.
For Case 2, it is FFS whether the PDCCH carrying UL canceling indication (ULCI) can also be canceled by dynamically scheduled UL transmission. It is also FFS whether or not ULCI is supported by RedCap UEs including potential difference between HD and FD. 
Firstly, we would like to remind that ULCI requires powerful and fast processing capability (i.e. processing capability 2), as specified in TS 38.213. Such high processing capability is likely to beyond RedCap UE’s expectation. RedCap UE is designed to reduce the complexity/cost. Especially for the case when HD-FDD is supported, the cost is further reduced by replacing the duplexer with a switch. Note that, during the SI phase, relaxation of the processing capability was even proposed for complexity reduction. It seems unrealistic for a low cost UE to support such high processing capability.
Observation 2: Support of ULCI requires high processing capability (i.e. processing capability 2), which is not expected by the RedCap UE.
Secondly, ULCI requires frequent PDCCH monitoring to realize timely PUSCH cancelation, which is not power efficient. However, power saving is also an important target for RedCap UE. New features like eDRX enhancement and RRM relaxation are to be specified, led by RAN2. Also, it has been emphasized in WID that power saving features in NR_UE_pow_sav_enh shall be assumed to be available to RedCap UE. So regarding to the power consumption, ULCI is not aligned with the design principle of RedCap UE.
Observation 3: ULCI causes higher power consumption, which is not aligned with the design principle of RedCap UE.
Nevertheless, if a RedCap UE supports FD-FDD, and also supports processing capability 2, it may support ULCI if desired. However, a RedCap UE with HD-FDD is unlikely to support ULCI.
Based on the above consideration, we have the following proposals:
Proposal 2: For HD-FDD RedCap UE, ULCI is not supported.
In addition, ULCI is used to cancel the upcoming PUSCH. In other words, there is no overlapping between the PDCCH (carrying the ULCI) and the to-be-canceled PUSCH in time domain. If ULCI is overlapped with the to-be-canceled PUSCH, the timeline requirement for canceling cannot be met even for normal UE. We do not see the strong motivation to make an exception for ULCI in Case 2.
Proposal 3: For collision handling Case 2 for HD-FDD RedCap UE, ULCI in PDCCH is not considered as an exception.

Case 3
Case 3 includes the cases when collision may happen between semi-static DL and semi-static UL channels. In RAN1#104bis-e, it was agreed that a HD-FDD UE is not expected to handle the collision case when at least one of the semi-static channel is configured by dedicated higher layer parameters:
	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


It is FFS on the case when both the DL and UL semi-static channels are cell-specific. For a FDD cell, currently, it is possible that cell-specific DL and cell-specific UL channels are collided in time domain. Cell-specific configured DL reception at least includes CORESET#0 which can be configured for at least Type0-PDCCH CSS. SSB configured by ssb-PositionsInBurst may also be considered in this case. Meanwhile, cell-specific configured UL transmission includes the RO (RACH occasion). It can be seen that there may be some overlapping between Case 3, Case 5 and Case 8.
Observation 4: Regarding to the collided channels, there is some overlapping between Case 3, Case 5 and Case 8.
To avoid cross-discussion in different cases, we suggest to discuss the remaining FFS ‘cell-specifically configured DL reception vs. cell-specifically configured UL transmission’ in Case 5 and Case 8 respectively. Note that in RAN1#104bis-e, when discussing Case 5, it was FFS whether or not the semi-static configured UL transmission includes a valid RO. So for the case of overlapping between SSB and valid RO, it can be discussed in Case 5. And for the case of overlapping between cell-specific PDCCH (e.g. PDCCH in CORESET#0 configured for Type0-PDCCH CSS) and valid RO, it can be discussed in Case 8. 
Observation 5: For the FFS on cell-specifically configured DL reception vs. cell-specifically configured UL transmission:
· Overlapping between SSB and valid RO can be discussed in Case 5.
· Overlapping between cell-specific PDCCH and valid RO can be discussed in Case 8.
To avoid cross-discussion, we will discuss the above overlapping case in Section 2.2.3.

[bookmark: _Ref71274171]Case 5
Case 5 records the collision between SSB and UL transmission. During RAN1#104bis-e, UL transmission in Case 5 is divided into dynamically scheduled UL transmission and semi-static configured UL transmission, and the detailed handling ways for these two collisions are FFS:
	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 (e.g. UE can receive the SSB if UE needs to receive the SSB; otherwise, UE can transmit the UL transmission) 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 one of 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 (e.g. UE can receive the SSB if UE needs to receive the SSB; otherwise, UE can transmit the UL transmission) 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


· Dynamically scheduled UL vs. SSB
For the case when dynamically scheduled UL transmission overlaps with an SSB, we have the following views on the different options:
· Option 1: Generally, a gNB will schedule the UE with a dynamic grant only when the gNB thinks it is proper and urgent. It is feasible if the gNB thinks that dynamic UL is prioritized over SSB. Otherwise, the gNB will not send the dynamic grant.
· Option 2: This option is aligned with the TDD case. However, this is also exactly the case that limits the use of UL resources in HD-FDD case, which needs optimization rather than being adopted directly. 
· Option 3: ‘Leave to UE implementation’ is more like not handling the collision but just leave it there. This will lead to unpredictable UL transmission. It is strange for the gNB to always reserve the UL resource and blindly decode the UL transmission (e.g. PUSCH), even if a dynamic grant has been sent to the UE. 
So from the above analyses, we prefer Option 1 than other options, for higher flexibility and efficiency. 
Proposal 4: For HD-FDD RedCap UE, for the case when dynamic scheduled UL overlaps with an SSB, follow the handling of Case 2 that dynamic UL is prioritized over SSB.
For the case when semi-static configured UL transmission overlaps with an SSB, similar to Case 3, we would like to discuss the handling for (1) cell-specific higher layer parameters configuring transmission, and (2) dedicated higher layer parameters configuring transmission, respectively.
· Cell-specific semi-static configured UL vs. SSB
First of all, cell-specific semi-static configured UL mainly refers to the valid RO. For an FDD cell, it is possible that SSB and valid RO can be overlapping without collision handling. But regardless of whether the SSB and valid RO are overlapped or not, the initial access is a serial/sequential procedure, as shown in Figure 1:
[image: ]
[bookmark: _Ref71276840]Figure 1 Initial access procedure, including SSB reception and PRACH transmission.
From the above analyses, it seems no further handling rule needs to be specified in this case. Note that the SSB-to-RO mapping is typically stable for a long time. So, even if the valid RO is overlapped with the corresponding SSB, the UE can still receive the SSB in one SSB-to-RO mapping period, and then transmit the PRACH in the valid RO in the following SSB-to-RO mapping periods. By implementation, the UE can judge whether to receive SSB or transmit PRACH in valid RO correctly. 
We have the following proposal:
Proposal 5: For HD-FDD RedCap UE, for the case when cell-specific semi-static configured UL transmission (i.e. valid RO) overlaps with an SSB, leave to UE implementation whether to receive the SSB or transmit the UL transmission (e.g. PRACH).
In addition, unlike other UL transmission (e.g. PUSCH), the gNB will always reserve resource for blind detection in the valid RO. There is no resource wasting issue for ‘leave to UE implementation’ option in this case.
· UE-dedicated semi-static configured UL vs. SSB
For the case when UE-dedicated semi-static configured UL transmission overlaps with an SSB, we have the following views on the different options: 
· Option 1: As has been discussed in the previous meetings, it is difficult for the gNB to avoid collision between semi-static UL and SSB perfectly. Even for TDD case, it is still possible that semi-static UL transmission overlaps with SSB, not to say the FDD case. 
· Option 2: This option is aligned with the TDD case. Unlike the dynamic scheduling UL, for UE-dedicated semi-static configured UL, it may not be urgent to transmit with strong intention. With proper configuration, even if the semi-static configured UL transmission is dropped due to overlapping with SSB, it can still be transmitted after the overlapping duration.
· Option 3: ‘Leave to UE implementation’ will lead to unpredictable UL transmission. The gNB will have to always reserve the UL resource and blindly decode the UL transmission (e.g. PUSCH). 
Based on the above reasons, we propose:
Proposal 6: For HD-FDD RedCap UE, for the case when UE-dedicated semi-static configured UL transmission overlaps with an SSB, SSB is prioritized over semi-static UL.

Case 8
Case 8 is about the collision between valid RO and DL reception. During the discussion in RAN1#104bis-e, DL reception in Case 8 is divided into dynamically scheduled DL reception and semi-static configured DL reception, and the detailed handling ways are FFS.
Similar to Case 5, we have the following analyses:
· Dynamically scheduled DL vs. valid RO
A gNB will schedule the UE with a dynamic grant only when the gNB thinks it is proper and urgent. It is feasible if the gNB thinks that dynamic DL is prioritized over valid RO. Otherwise, the gNB will not send the dynamic grant. 
Proposal 7: For HD-FDD RedCap UE, for the case when dynamic scheduled DL overlaps with valid RO, follow the handling of Case 1 to cancel PRACH based on a timeline.
· Cell-specific semi-static configured DL vs. valid RO
Besides SSB, cell-specific semi-static configured DL which needs to be considered mainly refers to the CORESET#0 that configured for Type0-PDCCH CSS, in which the SI-RNTI scrambled DCI will be transmitted, to schedule SIB1. As has been analyzed in Figure 1, regardless the SSB and valid RO are overlapped or not, the initial access is a serial/sequential procedure. There is no further handling rule needs to be specified in this case. By implementation, the UE can judge whether to receive SI-RNTI scrambled DCI or transmit PRACH in valid RO correctly.
Proposal 8: For HD-FDD RedCap UE, for the case when cell-specific semi-static configured DL reception (i.e. CORESET#0 configured for Type0-PDCCH CSS) overlaps with valid RO, leave to UE implementation whether to receive the DL or transmit the PRACH in the valid RO.
· UE dedicated semi-static configured DL vs. valid RO
Before we start the discussion, we would like to point out that the current agreements are a little contradictory. In RAN1#104, according to the following agreement, we can see that valid RO is not counted as the semi-statically configured UL transmission, as marked in cyan:
	Agreements:
· For HD-FDD operation for RedCap UEs, consider at least the following DL/UL collision cases collisions may be addressed or alleviated with proper scheduling. The following cases of potential collisions can be further studied to see if any change to the current specs is necessary:
· Case 1: Dynamically scheduled DL reception vs. semi-statically configured UL transmission
· e.g., dynamic PDSCH or CSI-RS collides with configured SRS, PUCCH, or CG PUSCH, or RO
· Case 2: Semi-statically configured DL reception vs. dynamically scheduled UL transmission
· e.g., PDCCH or SPS PDSCH collides with dynamic PUSCH or PUCCH
· 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: Configured SSB vs. dynamically scheduled or configured UL transmission
· e.g., PUSCH, PUCCH, PRACH, SRS
· Case 6: Monitoring for UL cancellation indication (if supported) while transmitting in UL
· Case 7: Collision due to BWP switching (if supported)
· Case 8: Dynamic or semi-static DL vs. valid RO
· Case 9: Collision due to direction switching


Further in RAN1#104bis-e, the agreements for Case 3 seems covers valid RO, as mark in cyan. In our understanding, valid RO is the most typical (if not the only one) cell-specific higher layer configured transmission in NR.
	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


So, we have two directions to handle the collision between UE dedicated semi-static configured DL and valid RO: 
· Alt1: the handling of valid RO follows the RAN1#104bis-e agreement in Case 3. Therefore, it is assumed that there will be no collision between UE dedicated semi-static configured DL and valid RO.
· Alt2: the handling of valid RO follows the RAN1#104-e agreement. Then, the collision handling rule for valid RO can be different from the RAN1#104bis-e agreement in Case 3, which only includes cell-specific semi-static configured UL except for valid RO, if any.
Technically speaking, it is uneasy to perfectly avoid collision between UE-dedicated semi-static DL reception and valid RO, considering that there are a mess of RACH configurations in FDD scenario. We prefer further discussion based on Alt2. 
Unlike the dynamic scheduling DL, for UE-dedicated semi-static configured DL reception, it may not be too urgent to receive with strong intention. With proper configuration, even if the semi-static configured DL transmission is dropped due to overlapping with valid RO, it can still be transmitted after the overlapping duration. Hence, we propose:
Proposal 9: For HD-FDD RedCap UE, for the case when UE-dedicated semi-static configured DL reception overlaps with valid RO, valid RO is prioritized over semi-static DL.

 Semi-static UL/DL pattern for HD-FDD
In NR, semi-static UL/DL pattern is used in TDD system to differentiate the DL period and UL period. However, we do not think it feasible to introduce a similar mechanism into a FDD system. It increases complexity and restriction in gNB implementation with respect to resource utilization. For example, it brings the case that some resources are idle, but the gNB cannot schedule a HD-FDD UE in these resources. 
Furthermore, semi-static UL/DL pattern complicates the collision handling rules discussed before. Note that without semi-static UL/DL pattern, all resource is regarded as ‘flexible’, and the channel collision can be handled properly through Case 1 ~ Case 9. We should keep in mind that RedCap UE is aiming at complexity reduction.
For the potential benefit on power consumption, we do not think there is considerable power reduction brought by a TDD-like pattern. The RAN2 leading features, e.g. eDRX enhancement, RRM relaxation, are more promising in power saving.
Proposal 10: Semi-static UL/DL pattern is not considered for HD-FDD RedCap UE.

Conclusion
In this contribution, we provide our view on HD-FDD operation for RedCap UE. The observations and proposals are summarized as follows:
Observation 1: For Case 1, whether the timeline should be extended depends on the relationship of switching times between HD-FDD and TDD, which may need RAN4’s confirmation.
Observation 2: Support of ULCI requires high processing capability (i.e. processing capability 2), which is not expected by the RedCap UE.
Observation 3: ULCI causes higher power consumption, which is not aligned with the design principle of RedCap UE.
Observation 4: Regarding to the collided channels, there is some overlapping between Case 3, Case 5 and Case 8.
Observation 5: For the FFS on cell-specifically configured DL reception vs. cell-specifically configured UL transmission:
· Overlapping between SSB and valid RO can be discussed in Case 5.
· Overlapping between cell-specific PDCCH and valid RO can be discussed in Case 8.
Proposal 1: The definition of guard time for DL-UL/UL-DL switching follows the current definition in TS 38.211. Symbol level guard time is not considered.
Proposal 2: For HD-FDD RedCap UE, ULCI is not supported.
Proposal 3: For collision handling Case 2 for HD-FDD RedCap UE, ULCI in PDCCH is not considered as an exception.
Proposal 4: For HD-FDD RedCap UE, for the case when dynamic scheduled UL overlaps with an SSB, follow the handling of Case 2 that dynamic UL is prioritized over SSB.
Proposal 5: For HD-FDD RedCap UE, for the case when cell-specific semi-static configured UL transmission (i.e. valid RO) overlaps with an SSB, leave to UE implementation whether to receive the SSB or transmit the UL transmission (e.g. PRACH).
Proposal 6: For HD-FDD RedCap UE, for the case when UE-dedicated semi-static configured UL transmission overlaps with an SSB, SSB is prioritized over semi-static UL.
Proposal 7: For HD-FDD RedCap UE, for the case when dynamic scheduled DL overlaps with valid RO, follow the handling of Case 1 to cancel PRACH based on a timeline.
Proposal 8: For HD-FDD RedCap UE, for the case when cell-specific semi-static configured DL reception (i.e. CORESET#0 configured for Type0-PDCCH CSS) overlaps with valid RO, leave to UE implementation whether to receive the DL or transmit the PRACH in the valid RO.
Proposal 9: For HD-FDD RedCap UE, for the case when UE-dedicated semi-static configured DL reception overlaps with valid RO, valid RO is prioritized over semi-static DL.
Proposal 10: Semi-static UL/DL pattern is not considered for HD-FDD RedCap UE.
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