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1. [bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK25]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK42][bookmark: OLE_LINK43]In RAN meeting #91e, a revised work item[1] on reduced complexity UE was approved. The intention with this WI is to specify a list of UE features and parameters with lower-end capabilities, relative to Release 16 eMBB and URLLC NR devices, to serve the three use cases i.e. industrial wireless sensors, video surveillance, and wearables. HD-FDD has been approved as an operation mode to reduce the complexity of NR devices. In the last meetings, some agreements and working assumptions are reached regarding the HD-FDD operations[2]. In this document, further analyses on the duplex operation of redcap UEs are discussed.
2. Discussions
There are some remaining issues on handling the collision between UL/DL channels in the last meeting. And we will discuss them respectively.
[bookmark: OLE_LINK90][bookmark: OLE_LINK91]Collision handling between SSB and dynamically scheduled UL channels
	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



[bookmark: OLE_LINK92][bookmark: OLE_LINK93][bookmark: OLE_LINK27]SSB is essential for many UE functions such as RRM measurement or T/F tracking, so the gNB should not deprive UE of the SSB reception in any way. In most cases, since SSBs are sparsely deployed, it will only have a slight negative impact on UL scheduling if SSB is prioritized.
Proposal 1: Support option2 for handling collision between SSB and dynamically scheduled UL channels
Collision handling between RO and other channels
	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




[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK17][bookmark: OLE_LINK22]It has been agreed that it is up to UE implementation to handle collisions between RO and SSB / PDCCH in Type 0/0A/1/2 CSS set. Regarding the collision handling between RO and dynamically scheduled DL reception, the controversy focuses on resource utilization when UE does not have real PRACH transmission. We think that reusing the current principles can balance the requirements of random access and gNB scheduling. 
According to the current spec, if a TDD UE receives a DCI to dynamically schedule a PDSCH or CSI-RS whose symbols overlap with a PRACH transmission, the UE will cancel the PRACH transmission if the timeline is satisfied. It is also applicable for HD-FDD UE and the current specification wording is clear enough to guide HD-FDD UE’s behavior. 
[bookmark: OLE_LINK28]Proposal 2: Support option3 by reusing existing principles to handle collisions between RO and dynamically scheduled DL reception
Collision handling for direction switching
Another remaining issue from the last meeting was the timing for the RX-TX switching. some assumptions are made in RAN1-104b[3].
	[bookmark: OLE_LINK33]Conclusion: Enhancement for potential UL and DL collision handling due to TA misalignment is not considered for Type-A HD-FDD operation of RedCap Ues
Working Assumption:  For HD-FDD, reuse the same principle as Rel-15/16 UE not capable of full-duplex communication
· 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
· FFS: how it jointly works with the agreement for other collision cases 


[bookmark: OLE_LINK18][bookmark: OLE_LINK19]
[bookmark: OLE_LINK8][bookmark: OLE_LINK10]In an NR cell, the uplink frame should be transmitted from UE starting TTA time before the corresponding downlink frame. The timing advance can be used as a switching gap from an uplink frame to a downlink frame by UEs. The TTA time consists of two parts. One part of  is the round-trip time of BS-UE transmission and can be adjusted by the TA command.is another part, it is a common attribution for all UEs in a cell, and the value of  can be indicated in ServingCellConfigCommon or ServingCellConfigCommonSIB or set with a default value if it is not provided in high layer messages. The  can be configured with the values from Table1 in 38.133[4].
Table 1: The Value of 
	Frequency range and band of cell used for uplink transmission
	[image: ](Unit: TC)

	FR1 FDD or TDD band with neither E-UTRA–NR nor NB-IoT–NR coexistence case 
	25600 (Note 1)

	FR1 FDD band with E-UTRA–NR and/or NB-IoT–NR coexistence case 
	0 (Note 1)

	FR1 TDD band with E-UTRA–NR and/or NB-IoT–NR coexistence case
	39936 (Note 1)

	FR2
	13792

	Note 1:	The UE identifies [image: ] based on the information n-TimingAdvanceOffset as specified in TS 38.331 [2]. If UE is not provided with the information n-TimingAdvanceOffset, the default value of [image: ] is set as 25600 for FR1 band. In case of multiple UL carriers in the same TAG, UE expects that the same value of n-TimingAdvanceOffset is provided for all the UL carriers according to clause 4.2 in TS 38.213 [3] and the value 39936 of [image: ] can also be provided for a FDD serving cell.
Note 2:	Void



[bookmark: OLE_LINK15][bookmark: OLE_LINK16]In an unpaired spectrum cell, flexible symbols whose length is always non-zero will be used as a mask for the timing advance and the gap for switching from downlink frame to uplink frame. And no additional symbols are required to separate downlink frame from a preceding uplink frame because the non-zero timing-advance-offset can be used as the switching time from uplink to downlink. 


[bookmark: OLE_LINK30]Figure 1:  illustration for TDD direction switching
But for a paired spectrum cell, the value of  can be zero, so the back-to-back transmission of different directions may have the problem discussed by mail in the last meetings. An option for the issue is that an earlier DL reception or UL transmission is prioritized by puncturing or skipping the first few symbols of the later UL transmission or DL reception as illustrated in figure2. 



a)  DL-to-UL transition                    b)  UL-to-DL transition
Figure2: “back-to-back” UL-DL transmission
Base on the conclusion in RAN1-104b, 𝑁TA = 0 shall be assumed for the collision of UL and DL collision in HD-FDD operation. But NTA_offset should still be considered for its potential utilization as the switching gap. In table2, the different puncturing requirements are listed for different scenarios.
Table 2:  Puncturing or skipping symbols for different cases
	Scenarios
	
	Puncturing or skipping symbols

	
	UL is prioritized
	First symbol of later DL reception and last symbol of earlier DL reception

	
	DL is prioritized
	First symbol of later UL transmission and last symbol of earlier UL transmission

	
	UL is prioritized
	More last symbols of earlier DL reception

	
	DL is prioritized
	More first symbols of later UL transmission



As noted in the LS[5] of RAN4, the HD-FDD switching will reuse existing switching times for FR1 for UE not capable of full duplex in TS 38.211, Table 4.3.2-3. And then the puncturing symbols can be defined based on the  and bandwidth SCS.
[bookmark: OLE_LINK29][bookmark: _GoBack]Proposal 3: Confirm the assumption of reusing existing switching times for HD-FDD UEs not capable of full duplex
Observation: Depending on the TA_offset configuration, the number of the puncturing or skipping symbols for handling switching collision will be different 
[bookmark: OLE_LINK31]Proposal 4: Symbol puncturing should be defined to handle switching collisions of HD-FDD UEs
3. Conclusion
In this contribution, we have the following observations and proposals:
Observation: Depending on the TA_offset configuration, the number of the puncturing or skipping symbols for handling switching collision will be different
Proposal 1: Support option2 for handling collision between SSB and dynamically scheduled UL channels
Proposal 2: Support option3 by reusing existing principles to handle collisions between RO and dynamically scheduled DL reception
Proposal 3: Confirm the assumption of reusing existing switching times for HD-FDD UEs not capable of full duplex
Proposal 4: Symbol puncturing should be defined to handle switching collisions of HD-FDD UEs
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