[bookmark: _Hlk68522968][bookmark: _Hlk53676972]3GPP TSG RAN WG1 #105-e			R1-2105875
e-Meeting, May 10th – 27th, 2021

Source:	WILUS Inc.
Title:	Discussion on duplex operation for RedCap UE
Agenda item:	8.6.1.3
Document for:	Discussion/Decision 

1 Introduction
New Rel-17 RedCap WID was approved in RAN#90-e meeting and its objectives were further revised in RAN#91-e meeting, shown as following [1]:  
	· Specify support for the following UE complexity reduction features [RAN1, RAN2, RAN4]:
· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. 
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz.
· Reduced minimum number of Rx branches:
· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· [bookmark: _Hlk58502022][bookmark: _Hlk58574559]For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· A means shall be specified by which the gNB can know the number of Rx branches of the UE.
· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.
· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.
· Duplex operation:
· [bookmark: _Hlk68269316]HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)
<…>
Notes:
· Uplink coverage enhancement solutions specified in the NR Coverage Enhancement WI (NR_cov_enh) shall be assumed to be available also to RedCap UEs by default (with small modifications for RedCap UEs if found necessary). 
· Power saving enhancement solutions specified in the UE Power Saving Enhancements WI (NR_UE_pow_sav_enh) shall be assumed to be available also to RedCap UEs by default. 
· Rel-15 SSB bandwidth is reused and L1 changes minimized.
· The work defined as part of this WI is not to overlap with LPWA use cases.
· Coexistence with non-RedCap UEs is to be ensured.
· This WI focuses on SA mode and single connectivity with operation in a single band at a time.


In this contribution, we discuss some issues related to duplex operation for RedCap UEs.

2 [bookmark: OLE_LINK71][bookmark: OLE_LINK72]Discussion on half-duplex FDD operations
[bookmark: OLE_LINK69]Issue 1: Switching time
	Agreements at RAN1#104-e
· [bookmark: _Hlk68511866](Working assumption) For HD-FDD switching time, reuse existing switching times for UE not capable of full duplex in TS 38.211, Table 4.3.2-3.
· FFS: whether to define the guard times in symbol units
· FFS: the switching positions
· Sending an LS to RAN4 to inform the above working assumption, and to ask for feedback if any 
· The LS will not include the two FFS bullets


It was agreed in the RAN1#104-e meeting to reuse existing switching times for UE not capable of full duplex. According to Table 4.3.2-3 in TS38.211, the switching time is represented as , where  is  where  Hz and , which is approximately 13μs. 
One issue is whether to define the guard times in symbol units. In both specification impact and UE implementation perspective, it can be inconvenient to describe the switching time with the actual time unit of 13μs. So, it is recommended to use symbol-level switching time instead of the actual time unit. Note that 1 OFDM symbol duration (including normal CP) is approximately 71μs for 15kHz SCS, 36μs for 30kHz SCS, and 18μs for 60kHz SCS, and 1 OFDM symbol duration (including extended CP) is approximately 21μs for 60kHz SCS. Therefore, 1 OFDM symbol duration for some numerologies, such as 15, 30, 60 kHz SCSs considered in RedCap WI can cover the switching time. 
· Proposal 1: We propose to use symbol-level switching time instead of the actual time unit. 1 OFDM symbol duration for some numerologies, such as 15, 30, 60 kHz SCSs considered in RedCap WI is enough to cover the switching time by Table 4.3.2-3 in TS 38.211.

Issue 2: Collision handling
Case 1: Dynamically scheduled DL reception vs. semi-statically configured UL transmission
	Agreements at RAN1#104b-e
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 1, it was agreed in the last RAN1#104b-e meeting to reuse the existing collision handling principles in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum. The remining issue is whether the timeline is extended or not. In Rel-15/16 the timeline,  is defined to cancel the semi-statically configured UL transmission by dynamically scheduled DL reception as follows. 
	TS38.213 v15.13.0 [4]
For operation on a single carrier in unpaired spectrum, if a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot and the UE detects a DCI format 1_0, DCI format 1_1, or DCI format 0_1 indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
-	the UE does not expect to cancel the transmission of the PUCCH or PUSCH or PRACH in the set of symbols if the first symbol in the set occurs within  relative to a last symbol of a CORESET where the UE detects the DCI format; 
-	otherwise, the UE cancels the PUCCH, or PUSCH, or PRACH transmission in the set of symbols. 
-	the UE does not expect to cancel the transmission of SRS in symbols from the subset of symbols that occur within  relative to a last symbol of CORESET where the UE detects the DCI format. The UE cancels the SRS transmission in remaining symbols from the subset of symbols.
	 is the PUSCH preparation time for the corresponding UE processing capability [6, TS38.214] assuming  and  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format and the SCS configuration of the SRS, PUCCH, PUSCH or , where  corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise 


The timeline  is related to the subcarrier spacing configuration . Since HD-FDD operation is applicable to FDD cells in FR1, the possible subcarrier spacing configuration  is one of 0, 1, or 2 and the corresponding N2 is 10, 12, 23, respectively. As we mentioned in Proposal 1, at most 1 symbol can cover the RX/TX switching time so that the duration of the RX/TX switching time is quite smaller than the timeline . Also,  provides additional time to cancel UL transmission. Therefore, to extend the timeline for including the RX/TX switching time in Table 4.3.2-3 in TS38.211 may be unnecessary unless the larger RX/TX switching time is used. 

· Proposal 2: For Case 1, to extend the timeline for including the RX/TX switching time in Table 4.3.2-3 in TS38.211 may be unnecessary. 
· If the larger RX/TX switching time is required for HD-FDD, then revisit this issue. 

Case 2: Semi-statically configured DL reception vs. dynamically scheduled UL transmission
	Agreements at RAN1#104b-e
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 2, it was agreed in the last RAN1#104b-e meeting to reuse the existing collision handling principles in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum. The remining issue is whether the semi-statically configured DL reception includes PDCCH carrying UL CI or not. First, the UL CI is optional UE feature in Rel-16 and may not be also mandatory feature for Rel-17 RedCap UEs. Also, a UE with HD-FDD operation may be low-end RedCap UEs so that the UL CI functionality is not essential to be supported. In this sense, we prefer not to support the UL CI functionality for HD-FDD RedCap UEs. Even if the UL CI functionality is supported for HD-FDD RedCap UE, monitoring of the PDCCH carrying UL CI can be cancelled by dynamically scheduled UL transmission, same as in the other PDCCHs. 
· Proposal 3: For Case 2, monitoring of the PDCCH carrying UL CI can be cancelled by dynamically scheduled UL transmission, same as in the other PDCCHs. 

Case 3: Semi-statically configured DL reception vs. semi-statically configured UL transmission
	Agreements at RAN1#104b-e
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


For Case 3, it is still discussing on collision of cell-specifically configured DL reception and cell-specifically configured UL transmission. For the cell-specifically configured DL reception, there are the following DL channels/signals.  
· SS/PBCH block configured by ssb-PositionsInBurst in ServingCellConfigCommonSIB or ServingCellConfigCommon
· Type0 CSS set configured by pdcch-ConfigSIB1 configured in MIB or by searchSpaceSIB1 in PDCCH-ConfigCommon or by searchSpaceZero in PDCCH-ConfigCommon
· Type0A-PDCCH CSS set configured by searchSpaceOtherSystemInformation in PDCCH-ConfigCommon 
· Type1-PDCCH CSS set configured by ra-SearchSpace in PDCCH-ConfigCommon
· Type2-PDCCH CSS set configured by pagingSearchSpace in PDCCH-ConfigCommon
For the cell-specifically configured UL transmission, there are the following UL channels.
· RACH occasion configured by rach-ConfigCommon
In Rel-15, for paired spectrum, all RACH occasions are valid. For unpaired spectrum, collisions between SS/PBCH blocks and RACH occasions were addressed and the valid RACH occasions are determined based on both SS/PBCH blocks configured by ServingCellConfigCommonSIB or ServingCellConfigCommon and semi-static TDD configurations. For paired spectrum with HD-FDD operations, the collision handling rules defined in unpaired spectrum can be reused to determine valid RACH occasions.
For collisions between common search spaces (including Type0, 0A, 1, or 2) and valid RACH occasions, the following UE behaviors are defined on TS 38.213 in Rel-15/16. Based on this description of TS 38.213, PDCCH monitoring can be cancelled by valid RACH occasions (also by Ngap symbols before the valid RACH occasion). Therefore, the collision handling rules can be reused for Rel-17 RedCap UEs with HD-FDD. 
	TS38.213 v15.13.0 [4] (same as in v16.5.0 [5])
For a set of symbols of a slot corresponding to a valid PRACH occasion and [image: ] symbols before the valid PRACH occasion, as described in Clause 8.1, the UE does not receive PDCCH, PDSCH, or CSI-RS in the slot if a reception would overlap with any symbol from the set of symbols. The UE does not expect the set of symbols of the slot to be indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated. 



· Proposal 4: For Case 3, 
· for collision between cell-specific SSB configuration and cell-specific RACH configuration, reuse Rel-15/16 collision handling rules defined in unpaired spectrum to determine valid RACH occasions.
· for collision between a valid RACH occasion and cell-specific PDCCH configuration, reuse Rel-15/16 collision handling rules, i.e., monitoring of PDCCH is cancelled. 

Case 4: Dynamically scheduled DL reception vs. dynamic scheduled UL transmission
	Agreements at RAN1#104b-e
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 4, it is considered as error case and no further issues are identified.

Case 5: Configured SSB vs. dynamically scheduled or configured UL transmission
	Working assumption at RAN1#104b-e
· 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
· [bookmark: _Hlk71658380]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


For Case 5, RAN1 discussed three options for (Case 5-1) collisions between dynamically scheduled UL transmission and SSB. And three options for (Case 5-2) collisions between semi-statically configured UL transmission and SSB were discussed at the RAN1#104b-e meeting. For Case 5-1, there are no interference from a UL transmission to SSB reception even if the UL transmission overlaps the SSB symbols because it is paired spectrum. So, a gNB can schedule UL transmission dynamically by a DCI format. Therefore, we prefer option 1 which follows the handling of case 2 that dynamic UL is prioritized over SSB. 
For Case 5-2, similar as in Case 5-1, there are no interference from a UL transmission to SSB reception, but the UE may not receive SSBs in some slots. It is important for the UE to receive SSB for downlink synchronization so that it should be avoid the configured UL transmission takes precedence over the SSB always. In this sense, we prefer option 2. 
· Proposal 5: 
· If a dynamically scheduled UL transmission overlaps with an SSB, we prefer option 1. 
· If a semi-static configured UL transmission overlaps with an SSB, we prefer option 2. 

3 Conclusion
In this contribution, we discussed aspects on duplex operation for RedCap UEs. The followings are proposed: 
· Proposal 1: We propose to use symbol-level switching time instead of the actual time unit. 1 OFDM symbol duration for some numerologies, such as 15, 30, 60 kHz SCSs considered in RedCap WI is enough to cover the switching time by Table 4.3.2-3 in TS 38.211.
· Proposal 2: For Case 1, to extend the timeline for including the RX/TX switching time in Table 4.3.2-3 in TS38.211 may be unnecessary. 
· If the larger RX/TX switching time is required for HD-FDD, then revisit this issue. 
· Proposal 3: For case 2, Monitoring of the PDCCH carrying UL CI can be cancelled by dynamically scheduled UL transmission, same as in the other PDCCHs. 
· Proposal 4: For case 3, 
· for collision between cell-specific SSB configuration and cell-specific RACH configuration, reuse Rel-15/16 collision handling rules defined in unpaired spectrum to determine valid RACH occasions.
· for collision between a valid RACH occasion and cell specific PDCCH configuration, reuse Rel-15/16 collision handling rules, i.e., monitoring of PDCCH is cancelled. 
· Proposal 5: 
· If a dynamically scheduled UL transmission overlaps with an SSB, we prefer option 1. 
· If a semi-static configured UL transmission overlaps with an SSB, we prefer option 2. 

References
[1] RP-210918, Revised WID on support of reduced capability NR devices, Nokia, Ericsson, TSG RAN meeting #91e
[2] Final Report of 3GPP TSG RAN WG1 #104-e v1.0.0
[3] Draft Report of 3GPP TSG RAN WG1 #104b-e v0.2.0
[4] TS38.213 v15.13.0
[5] TS38.213 v16.5.0

image1.wmf
gap

N


