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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 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] [5]. In RAN1#104bis-e and RAN1#105-e, the collision cases have been discussed and preliminary consensus is reached. But still, there are some open cases to be studied, especially in Case 5 and Case 8. 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.
In the previous meeting, the definition of guard time was suspended, since it may be related to the decision on whether to introduce semi-static TDD-like slot format for HD-FDD RedCap UEs. However, at the end of RAN1#105-e, it was concluded that no consensus to support semi-static UL/DL pattern to HD-FDD RedCap UEs in Rel-17 [5].
	Conclusion:
No consensus of specification support of semi-static UL/DL pattern to HD-FDD RedCap UEs in Rel-17.


Based on the conclusion and the above analyze, 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.

[bookmark: _Ref71274171]Collision handling of 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 are FFS [4].
	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
In RAN1#105-e, companies had discussed the collision handling of dynamically scheduled UL vs. SSB. The following proposal was proposed by the FL [6].
	High Priority Proposal 3.5-1: 
· For Case 5 of SSB overlaps with dynamically scheduled UL transmission, down-select from the following options in RAN1#105-e:
· Option 1: Follow the handling of case 2 that dynamic UL is prioritized over SSB
· Option 2: Re-use the existing collision handling principles of Rel-15/16 for NR TDD that configured SSB is prioritized over dynamic UL. 
· FFS whether or not the same UE behavior is applied to Msg3 initial and/or retransmission


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. The priority of dynamic scheduled UL transmission should be guaranteed. Otherwise, the UL resources utilization is pretty limited since the SSB occupies non-negligible number of DL symbols. Note that, even if dynamic UL is prioritized, if the gNB would like to leave the UE to receive SSB, it can choose not to 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. We should be aware that Option 2 is putting a new restriction on the fundamental scheduling mechanism in a FDD cell, which seems not worthy and achieves no benefit.
So from the above analyses, we prefer Option 1 than Option 2, for higher flexibility and efficiency. 
Proposal 2: For Case 5 of SSB overlapping with dynamically scheduled UL transmission, 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.
[bookmark: _Ref78268845]Cell-specific semi-static configured UL vs. SSB
Cell-specific semi-static configured UL mainly refers to the valid RO. For the case that 2-step RACH is supported, cell-specific semi-static configured UL should also include MsgA PUSCH occasions. For an FDD cell, it is possible that SSB and valid RO (also MsgA PUSCH) can be overlapped with each other. But regardless of whether the SSB and valid RO are overlapped or not, the initial access is a serial/sequential procedure. Figure 1 illustrates the procedure of initial access by 4-step RACH.
[image: ]
[bookmark: _Ref71276840]Figure 1 Illustration of serial/sequential procedure of 4-step RACH.
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. Similarly, for 2-step RACH, the UE can judge whether to receive SSB or transmit MsgA PUSCH in PUSCH occasions by itself.
We have the following proposal:
Proposal 3: For Case 5 of SSB overlapping with cell-specific semi-static configured UL transmission (i.e. valid RO and MsgA PUSCH occasion), leave to UE implementation whether to receive the SSB or transmit the UL.
In addition, unlike other UL transmission (e.g. PUSCH), the gNB will always reserve resource for blind detection in the valid RO (and also MsgA PUSCH occasion). There is no resource wasting issue for ‘leave to UE implementation’ option in this case.
UE-dedicated semi-static configured UL vs. SSB
In RAN1#105-e, companies had discussed the collision handling of UE-dedicated semi-statically configured UL vs. SSB. The following proposal was proposed by the FL [6].
	High Priority Proposal 3.5-2: 
· For Case 5 of SSB overlaps with semi-statically configured UL except RO, down-select from the following options in RAN1#105-e
· Option 2: Re-use the existing collision handling principles of Rel-15/16 for NR TDD that configured SSB is prioritized over configured UL
· Option 3: Leave to UE implementation whether to receive the SSB or transmit the UL transmission


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 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). 
In addition, even if Option 2 is adopted, it seems no harm to UCI multiplexing in CG-PUSCH. Collision of PUCCH, CG-PUSCH and other channels that lead to dropping of CG-PUSCH (containing UCI) is not a new issue. The gNB shall be able to handle the case, e.g. dynamically indicate the PUCCH transmission time to avoid dropping of UCI.
Based on the above reasons, we propose:
Proposal 4: For Case 5 of SSB overlapping with UE-dedicated semi-statically configured UL transmission, reuse the existing collision handling principles of Rel-15/16 for NR TDD that configured SSB is prioritized over the configured UL.

[bookmark: _Ref78223776]Collision handling of Case 8
Case 8 is about the collision between valid RO and DL reception. During the discussion in RAN1#105-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.
Dynamically scheduled DL vs. valid RO
In RAN1#105-e, the following agreement on dynamically scheduled DL vs. valid RO was reached [5]:
	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


Generally, in our view, 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 DL resource will be restricted due to the RACH occasion. Note that, even if dynamic DL is prioritized, if the gNB would like to leave the UE to transmit PRACH preamble, it can choose not to send the dynamic grant. 
Based on the analysis, Option 3 is preferred from the above options.
Proposal 5: For Case 8 of valid RO overlapping with dynamic scheduled DL, follow the handling of Case 1 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.
[bookmark: _Ref78275499]Cell-specific semi-static configured DL vs. valid RO
In RAN1#105-e, the following agreement on cell-specific semi-static configured DL vs. valid RO was reached [5]. Note that the case of SSB vs. valid RO is discussed in Case 5.
	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


Similar to the case in Section 2.2.2, UE implementation is sufficient to tackle the collision between cell-specific semi-static channels in DL and UL. Take Type0-CSS PDCCH for instance, according to Figure 1, regardless the Type0-CSS PDCCH 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. The UE can judge whether to receive SI-RNTI scrambled DCI or transmit PRACH in valid RO correctly.
Therefore, Option 2 is preferred in this case.
Proposal 6: For Case 8 of valid RO overlapping with PDCCH in Type 0/0A/1/2 CSS set, leave to UE implementation whether to receive the configured PDCCH or transmit the PRACH on the valid RO.
UE dedicated semi-static configured DL vs. valid RO
In RAN1#105-e, the following agreement on UE-dedicated semi-static configured DL vs. valid RO was reached [5]. 
	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


Unlike the dynamic scheduling DL, for UE-dedicated semi-static configured DL reception, it may not be too urgent to receive with strong intention. And 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. On the other hand, since the DL reception is UE-dedicated configured, the gNB can properly configure the period, offset and duration of the semi-static DL channel/signals to a specific UE, which avoids most of the unacceptable collisions.
Hence, Option 1 is preferred in this case.
Proposal 7: For Case 8 of valid RO overlapping with UE-dedicated configured DL reception, reuse the existing collision handling principles of Rel-15/16 for NR TDD that valid RO is prioritized over configured DL.
Remaining issues in Case 8
During RAN1#105-e, there are different views on the definition of valid RO for HD-FDD UE. Some companies would like to re-define the valid RO of HD-FDD UE by the TDD rule, i.e. only the ROs that not overlapping with cell-specific semi-static configured DL will be regarded as valid ones. The main reason is to avoid the collision handling between cell-specific semi-static configured DL channels and the valid ROs.
We need to be more careful on the definition of valid RO, since RACH procedure is quite important to the system performance and gNB complexity. In NR, a mapping relationship from SSB to valid RO is broadcasted in SIB1. With the SSB-to-RO mapping, the gNB can be aware of the UE’s choice on SSB, and then set up the beam correspondence during the initial access. 
When considering HD-FDD RedCap UEs, we should keep in mind that they are served by FDD gNB, and co-exist with FDD normal UEs. If the definition of the valid RO changes from FDD to TDD, the ROs overlapping with SSB/CSS PDCCH will be regarded as invalid for HD-FDD UE. Therefore, the SSB-to-RO mappings for FDD UE and HD-FDD UE will be different. Figure 2 illustrates the situation when the valid RO are defined from view of FDD and TDD.
[image: ]
[bookmark: _Ref78275187][bookmark: _Ref78275178]Figure 2 Illustration of valid RO from view of FDD and TDD.
However, all the ROs may be shared by FDD UE and HD-FDD UEs. Such sharing can be not only among RedCap UEs and normal UEs, but also among FDD UEs and HD-FDD UEs. In this case, the gNB would have to deal with the complex situation that the UEs with different duplex modes select the same RO but for different mapped SSB(s). Such complexity increase is unacceptable to the gNB, not to mention that UE implementation is simple and sufficient to tackle the collision in this case (as analyzed in Section 2.3.2). 
We believe the only reasonable choice is keeping the same definition of valid RO among HD-FDD and FDD.
Proposal 8: For HD-FDD UE, the valid RO follows FDD’s definition.
For the FFS of handling of the Ngap symbols before the valid RO in the cases of Section 2.3, we think they should be considered as part of the valid RO. In other words, the set of symbols overlapping with dynamic DL reception includes also Ngap symbols before the valid RO. These Ngap symbols are necessary for TA adjustment for PRACH transmission. In TS 38.213, they are usually jointly considered with the valid RO. Excluding these symbols from valid RO may lead to incorrect transmission/reception of PRACH preamble. 
Furthermore, regarding to the TA, we do not see the difference between RedCap UE and normal UE. Hence we think the same value for Ngap in current spec can be reused for HD-FDD.
Proposal 9: The set of symbols overlapping with dynamic DL reception includes also Ngap symbols before the valid RO.
Proposal 10: The same value for Ngap in current specification is reused for HD-FDD.
Another point is the handling of PUSCH occasions in 2-step RACH. It was agreed that RedCap UE can optionally support 2-step RACH. Assuming that 2-step RACH can also be supported by HD-FDD RedCap UE, we think the handling of valid RO can also be applied to MsgA PUSCH occasion. This is due to the fact that MsgA PUSCH occasion is also a kind of cell-specific semi-static configured UL transmission, and has no much difference with valid RACH occasion.
Proposal 11: The handling of MsgA PUSCH follows the handling of valid RO.

Conclusion
In this contribution, we provide our view on HD-FDD operation for RedCap UE. The proposals are summarized as follows:
[bookmark: _GoBack]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 Case 5 of SSB overlapping with dynamically scheduled UL transmission, follow the handling of case 2 that dynamic UL is prioritized over SSB.
Proposal 3: For Case 5 of SSB overlapping with cell-specific semi-static configured UL transmission (i.e. valid RO and MsgA PUSCH occasion), leave to UE implementation whether to receive the SSB or transmit the UL.
Proposal 4: For Case 5 of SSB overlapping with UE-dedicated semi-statically configured UL transmission, reuse the existing collision handling principles of Rel-15/16 for NR TDD that configured SSB is prioritized over the configured UL.
Proposal 5: For Case 8 of valid RO overlapping with dynamic scheduled DL, follow the handling of Case 1 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.
Proposal 6: For Case 8 of valid RO overlapping with PDCCH in Type 0/0A/1/2 CSS set, leave to UE implementation whether to receive the configured PDCCH or transmit the PRACH on the valid RO.
Proposal 7: For Case 8 of valid RO overlapping with UE-dedicated configured DL reception, reuse the existing collision handling principles of Rel-15/16 for NR TDD that valid RO is prioritized over configured DL.
Proposal 8: For HD-FDD UE, the valid RO follows FDD’s definition.
Proposal 9: The set of symbols overlapping with dynamic DL reception includes also Ngap symbols before the valid RO.
Proposal 10: The same value for Ngap in current specification is reused for HD-FDD.
Proposal 11: The handling of MsgA PUSCH follows the handling of valid RO.
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