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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.)


In RAN1#106-e, the collision handling of Case 5 and Case 8 has been discussed. Some consensus was reached for several sub-cases. But still, there are some open issues to be studied 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
Uncertainty of dynamically scheduled DL/UL
The following agreements were reached during RAN1#106-e [3]:
	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 UE-dedicated configured DL reception (e.g. PDCCH in USS, SPS PDSCH, CSI-RS or DL PRS), leave it to UE implementation whether to receive the DL or transmit PRACH
· Note: For valid RO intended for PRACH triggered by PDCCH order, it has been covered in Case 2.


Due to the above agreements, uncertainty is already introduced to the PDCCH reception for a HD-FDD RedCap UE. A PDCCH may not be received if it collides with a valid RO, no matter it is in a CSS or USS. Whether it is received or not will be up to UE implementation. Subsequently, the corresponding reception of the dynamically scheduled PDSCH or the transmission of the dynamically scheduled PUSCH, are also up to UE implementation. Figure 1 illustrates how the uncertainty is spread from PDCCH to dynamically scheduled PDSCH and PUSCH.
[image: ]
[bookmark: _Ref83283609]Figure 1 Uncertainty is spread from PDCCH to dynamic PDSCH and PUSCH.
From Figure 1, we can observe that the collision handling between dynamic PDSCH and valid RO, and the collision handling between dynamic PUSCH and SSB, will be based on the uncertainty brought by the agreed collision handling rule from valid RO vs. PDCCH. 
Proposal 1: For the collision handling of remaining cases, remember that uncertainty has already been introduced to dynamically scheduled DL/UL, due to the handling of ‘up to UE implementation’ in Case 8 of valid RO overlapping with UE-dedicated/common configured DL reception.

[bookmark: _Ref71274171]Collision handling of Case 5
[bookmark: _Ref83287319]Dynamically scheduled UL vs. SSB
In RAN1#106-e, companies had discussed the collision handling of dynamically scheduled UL vs. SSB. The following agreement was reached [3]:
	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


For the case when dynamically scheduled UL transmission overlaps with an SSB, we have the following analysis on the inner demand from 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. From the network’s view, dynamically scheduled UL should not be precluded in this case.
· Option 2: This option is putting a new restriction on the fundamental scheduling mechanism in a FDD cell, which is completely new. The motivation mainly comes from the demand that a UE may adjust its sampling, frequency offset, phase… all by reception of SSB. The UE behavior may become unknown in some extreme cases if prioritizing dynamically scheduled UL is enforced, i.e. PUSCH is scheduled successively. 
So from the above analysis, we can see that both options are reasonable from view of network and UE respectively. A possible way forward combining both options can be: The gNB can still dynamically schedule PUSCH overlapped with SSB, but the transmission of PUSCH is up to UE implementation:
· The transmission of PUSCH is already ‘up to UE implementation’ to some degree, due to the uncertainty brought by the case of valid RO vs. PDCCH.
· The gNB can dynamically schedule the UL transmission overlapping with the SSB. There is no preclusion from the gNB’s view. 
· The HD-FDD UE can follow the dynamic scheduling to perform UL transmission if it can, or prioritize SSB reception by implementation otherwise.
· No specification impact is needed. If the gNB does not receive the PUSCH, it can re-schedule the PUSCH again. This is also up to gNB implementation.
Therefore, we have the following proposal.
Proposal 2: For Case 5 of dynamically scheduled UL transmission vs. SSB, leave it to UE implementation whether to receive SSB or transmit UL.

[bookmark: _Ref78223776]Collision handling of Case 8
Dynamically scheduled DL vs. valid RO
In RAN1#106-e, the following agreement on dynamically scheduled DL vs. valid RO was reached [3]:
	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


Similar to Section 2.2.1, we have the following analysis for the listed options.
· Option 3: 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 DL is prioritized over valid RO. Otherwise, the DL resource will be restricted due to the RACH occasion. From the network’s view, dynamically scheduled DL should not be precluded in this case.
· Option 4: This option is putting a new restriction on the fundamental scheduling mechanism in a FDD cell, which is completely new. The motivation mainly comes from the demand that a UE may transmit the PRACH spontaneously for some reasons, e.g. SR request. Always prioritizing dynamically scheduled DL may make the UE unable to transmit SR request for a long time if PDSCH is scheduled successively.
So from the above analysis, it seems Option 2 (i.e. up to UE implementation) is a considerable trade-off:
· The reception of PDSCH is already ‘up to UE implementation’ to some degree, due to the uncertainty brought by the case of valid RO vs. PDCCH.
· The gNB can dynamically schedule the DL transmission overlapping with the valid RO. There is no preclusion from the gNB’s view. 
· The HD-FDD UE can follow the dynamic scheduling to perform DL reception if it can, or transmit PRACH by implementation otherwise.
· No specification impact is needed. If the gNB does not receive any HARQ-ACK, it can re-schedule the PDSCH again. This is also up to gNB implementation.
In fact, a similar case in LTE HD-FDD eMTC can be referred to. There is no specification impact for this case in LTE, i.e. neither forcing the eMTC UE to receive PDSCH nor prioritizing PRACH transmission in valid RO. Hence, we have the following proposal.
Proposal 3: For Case 8 of valid RO overlapping with dynamic scheduled DL, leave it to UE implementation whether to transmit PRACH or receive DL.

Remaining issues in Case 8
For the handling of the Ngap symbols before the valid RO, 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, we do not see the difference of TA between RedCap UE and normal UE, which is a main contributor to the Ngap. Hence we think the same value for Ngap in current spec can be reused for HD-FDD.
Proposal 4: The set of symbols overlapping with dynamic DL reception includes also Ngap symbols before the valid RO.
Proposal 5: 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, i.e. MsgA PUSCH. 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 may 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. In this case, when SSB collides with MsgA PUSCH, it is up to UE implementation to transmit MsgA PUSCH or receive SSB.
On the other hand, MsgA PUSCH may not be as important as PRACH. Even if MsgA PUSCH is dropped, the gNB can still schedule a fallback Msg3 if only MsgA PRACH is received. So, another possible handling way is to consider MsgA PUSCH as configured UL transmission, e.g. CG-PUSCH. In this case, when SSB collides with MsgA PUSCH, SSB should be prioritized.
Therefore, we have the following proposal for MsgA PUSCH.
Proposal 6: For the handling of MsgA PUSCH, the following alternatives can be considered:
· Alt.1: MsgA PUSCH follows the handling of valid RO.
· Alt.2: MsgA PUSCH follows the handling of configured UL transmission.

Collision handling of Case 9
The switching guard time was discussed in RAN1#106-e, but did not reach consensus at the end. The following FL proposal can be considered as a starting point [4]:
	FL8 Updated High Priority Proposal 4-1: Confirm the following modified version of the working assumption from RAN1#104bis-e:
· For HD-FDD UEs, reuse the same principle as Rel-15/16 UE not capable of full-duplex communication when UL/DL collision happens and after collision handling 
· A HD-FDD UE is not expected to transmit in the uplink earlier than [NRX-TX Tc] 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 [NTX-RX Tc] after the end of the last transmitted uplink symbol in the same cell
· FFS NTX-RX and NRX-TX (pending confirmation from RAN4)
· FFS: how it jointly works with the agreement for other collision cases 
· Note: The case of the “back-to-back” non-overlapping UL/DL without sufficient gap may happen, i.e., are allowed for HD-FDD UEs. 


Note that, the working assumption originally comes from the current TS 38.211, Section 4.3.2, for the UE ‘not capable of full-duplex communication’. We think it can be reused for HD-FDD RedCap UE. It is clear that a HD-FDD UE is not expected to perform DL/UL transmission if there is no sufficient DL-UL/UL-DL switching time. If there is no sufficient switching time (e.g. due to improper gNB scheduling), it is an error case. In the error case, the UE behavior is unpredictable and un-specified, which is similar to ‘up to UE implementation’. In addition, we think there is no need to limit the case under the condition of ‘when UL/DL collision happens and after collision handling’. Even if UL/DL collision does not happen, such working assumption on switching time shall still be valid.
In addition, RAN4 has the following feedback on the switching time [6]:
	RAN4 thanks RAN1 for the LS on the Type A HD-FDD RedCap UE switching time assumption and confirm that 
· For HD-FDD switching time, reuse existing switching times for FR1 for UE not capable of full duplex in TS 38.211, Table 4.3.2-3


Therefore, we recommend to confirm the working assumption, while removing the unnecessary condition and taking RAN4’s feedback into account.
Proposal 7: Confirm the following modified working assumption:
For HD-FDD UEs, when UL/DL collision happens and after collision handling
· A HD-FDD UE is not expected to transmit in the uplink earlier than [NRX-TX Tc] 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 [NTX-RX Tc] after the end of the last transmitted uplink symbol in the same cell
· For HD-FDD switching time, reuse existing switching times (i.e. NRX-TX and NTX-RX) for FR1 for UE not capable of full duplex in TS 38.211, Table 4.3.2-3FFS NTX-RX and NRX-TX (pending confirmation from RAN4)
Note: In case the ‘back-to-back’ non-overlapping UL/DL without sufficient gap happens, the UE behavior is un-specified.

Conclusion
In this contribution, we provide our view on HD-FDD operation for RedCap UE. The proposals are summarized as follows:
Proposal 1: For the collision handling of remaining cases, remember that uncertainty has already been introduced to dynamically scheduled DL/UL, due to the handling of ‘up to UE implementation’ in Case 8 of valid RO overlapping with UE-dedicated/common configured DL reception.
Proposal 2: For Case 5 of dynamically scheduled UL transmission vs. SSB, leave it to UE implementation whether to receive SSB or transmit UL.
Proposal 3: For Case 8 of valid RO overlapping with dynamic scheduled DL, leave it to UE implementation whether to transmit PRACH or receive DL.
Proposal 4: The set of symbols overlapping with dynamic DL reception includes also Ngap symbols before the valid RO.
Proposal 5: The same value for Ngap in current specification is reused for HD-FDD.
Proposal 6: For the handling of MsgA PUSCH, the following alternatives can be considered:
· Alt.1: MsgA PUSCH follows the handling of valid RO.
· Alt.2: MsgA PUSCH follows the handling of configured UL transmission.
[bookmark: _GoBack]Proposal 7: Confirm the following modified working assumption:
For HD-FDD UEs, when UL/DL collision happens and after collision handling
· A HD-FDD UE is not expected to transmit in the uplink earlier than [NRX-TX Tc] 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 [NTX-RX Tc] after the end of the last transmitted uplink symbol in the same cell
· For HD-FDD switching time, reuse existing switching times (i.e. NRX-TX and NTX-RX) for FR1 for UE not capable of full duplex in TS 38.211, Table 4.3.2-3FFS NTX-RX and NRX-TX (pending confirmation from RAN4)
Note: In case the ‘back-to-back’ non-overlapping UL/DL without sufficient gap happens, the UE behavior is un-specified.
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