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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This contribution contains discussion for some remaining issues for Rel-16 NR UE features.
UE features for Rel-16 WI/TEI
NR-U
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]The remaining issues to be discussed for NR-U capabilities are the following:
· Extension of NR-U Feature Groups to licensed operation (FG10-9/9b/9c/9d/15/16/20a)
· Basic Feature Groups for NR-U, and whether or not to define such basic FGs
· NR-U Feature Groups for wideband carrier operation (FG10-19a/b/c/d/e/f and FG4-1)

NR-U Feature Groups for wideband carrier operation is discussed in a companion paper R1-2008780 with a draft LS reply to RAN2 and RAN4. The other two issues are discussed below.

Extension of NR-U Feature Groups to licensed operation
RAN plenary confirmed to “discuss feature by feature the applicability of the features developed for unlicensed to licensed”, as endorsed in the conclusion of RP-202045.
Extensive discussion took place at RAN1#102e on proposals to extend the applicability of FG10-9/9b/9c/9d/15/16/20a to licensed operation. There was no consensus to do so in RAN1 but no conclusion was reached [R1-2007014]. All the arguments have been laid out so it is unclear how much more discussion is still needed before concluding that those FGs are not extended to licensed operation.
On one hand some companies are saying that we took the effort to specify those features so they should be extended to licensed operation… however we didn’t agree to do that for all such features in NR-U even if there is no additional effort, e.g. for PRB-interlaced PUSCH.
On the other hand other companies are saying that there is no benefit to extend those features to licensed operation, except perhaps for URLLC in relation the HARQ enhancements but that would require additional design efforts (which are best undertook as part of Rel-17 if there is agreement to do so).
Multiplying options in specifications is a cause of market fragmentation so this should be decided carefully. It would be unusual to introduce options and features without justification of use case and benefits.
In conclusion, we still do not support extending those FGs to licensed operation.
Proposal NRU-1: The FG10-9/9b/9c/9d/15/16/20a are only applicable to unlicensed bands, and the note “the signaling is per band but is only expected for a band where shared spectrum channel access must be used” is added for these FGs.

Basic Feature Groups for NR-U
Some FGs were marked as “This FG may be a part of basic operation for a particular scenario”. 
At RAN1#102e, companies agreed with the proposed classification of NR-U deployment scenarios:
1. SCell (DL-Only) in band for shared spectrum channel access (maps to Scenario A) 
a. For dynamic channel access mode
b. For semi-static channel access modes
2. SCell (DL + UL) in band for shared spectrum channel access (maps to Scenario A)
a. For dynamic channel access mode
b. For semi-static channel access mode
3. PCell (DL + UL) in band for shared spectrum channel access (maps to Scenario C)
a. For dynamic channel access mode
b. For semi-static channel access mode
4. PCell (DL + UL) in band for shared spectrum channel access + SUL in licensed band (maps to Scenario D)
a. For dynamic channel access mode
b. For semi-static channel access mode
5. PSCell (DL + UL) in band for shared spectrum channel access (maps to Scenarios B,E)
a. For dynamic channel access mode
b. For semi-static channel access mode

Some discussion ensued based on the mapping of potential basic FGs to those NR-U deployment scenarios: 

	
	FG
	Components
	Scenario where the FG is required as part of basic FGs

	10-1
	UL channel access for dynamic channel access mode  
	1. Type 1 channel access and contention window size adjustment
2. Type 2A channel access
3. Type 2B channel access
4. Type 2C channel access
5. 20MHz LBT bandwidth
6. CP extension up to 1 symbol for PUSCH/PUCCH transmission
	2a, 3a, 4a, 5a

	10-1a
	UL channel access for semi-static channel access mode
	1. Type 2C channel access
2. Single sensing slot of 9us channel access
3. 20MHz LBT bandwidth
4. CP extension up to 1 symbol for PUSCH/PUCCH transmission
	2b, 3b, 4b,5b

	10-2
	SSB-based RRM for dynamic channel access mode
	1. SSB-based RRM with Q for dynamic channel access mode
	1a, 2a, 3a, 4a, 5a

	10-2a
	SSB-based RRM for semi-static channel access mode
	1. SSB-based RRM with Q for semi-static channel access mode, when SMTC window is no longer than the fixed frame period
	1b, 2b, 3b, 4b,5b

	10-2b
	MIB reading on unlicensed cell
	1. MIB reading on unlicensed cell for PCell and PSCell
	3a, 3b, 4a, 4b, 5a, 5b

	10-2c
	SSB-based RLM for dynamic channel access mode
	1. SSB-based RLM with Q for dynamic channel access mode
	3a, 4a, 5a

	10-2d
	SSB-based RLM for semi-static channel access mode
	1. SSB-based RLM with Q for semi-static channel access mode, when DRS window is no longer than the fixed frame period
	3b, 4b,5b

	10-2e
	SIB1 reception on unlicensed cell
	1. SIB1 reception on unlicensed cell for PCell
	3a, 3b, 4a, 4b, [5a, 5b]

	10-2f
	Support monitoring of extended RAR window
	1. Support of RAR extension from 10ms to 40ms by decoding of the 2-bit SFN indication in DCI 1_0
	3a, 3b, 4a, 4b, 5a, 5b

	10-3
	PRB interlace mapping for PUSCH
	1. PRB interlace frequency domain resource allocation for PUSCH
	[3a, 3b]

	10-3a
	PRB interlace mapping for PUCCH
	1. PRB interlace frequency domain resource allocation for PUCCH format 0 and format 1
2. PRB interlace frequency domain resource allocation for PUCCH format 2
PRB interlace frequency domain resource allocation for PUCCH format 3
	[3a, 3b]

	10-27
	Wideband PRACH

	1. Enhanced PRACH design for NR-U by adopting a single long ZC sequence, with ZC sequence = 1151 for 15kHz and ZC sequence = 571 for 30kHz
	[3a, 3b]

	10-29
	Support available RB set indicator field in DCI 2_0
	1. Support monitoring DCI 2_0 to read availableRB-Sets-r16
	

	10-30
	Support channel occupancy duration indicator field in DCI 2_0
	1. Support monitoring DCI 2_0 to read COT duration
	[1, 2a, 2b, 3a, 3b, 4a, 4b, 5a, 5b]

	10-31
	
	1. Validate P/SP-CSI-RS reception when receiving a DCI granting a PDSCH over the same set of symbols
2. Validate P/SP-CSI-RS reception when receiving a DCI triggering a A-CSI-RS over the same set of symbols
	[1, 2a, 2b, 3a, 3b, 4a, 4b, 5a, 5b]



Companies provided their views on the proposed mapping (see Annex 2), but also discussed the necessity of doing this exercise of mapping FGs to scenarios if it is going to end up anyway being obvious in implementation that the basic FGs are only those that are essential for the UE to operate.
It seems we would first need to clarify whether the basic FGs are essential for operation in a particular scenario, or also include FGs desirable for a certain purpose (e.g. better performance). If the answer is only essential FGs would be selected (as suggested by Ericsson) then we don’t need to spend time mapping the FGs to scenario. Perhaps as Nokia commented the answer about which FGs are essential is not clear and may deserve a clarification but even if we don’t discuss this we believe UEs will implement all features that are needed for basic operation, and may implement features that provide increased performance. Since we will not specify the scenarios in technical specifications, this exercise could probably be avoided to save time and efforts.
Lack of consensus was seen on whether the following FG should be considered basic: 10-3/3a/27/29/30/31.
Proposal NRU-2: no need to spend more time discussing basic FGs for NR-U. The note "This FG may be part of basic operation for a particular scenario" can be deleted from all NR-U FGs.

NR positioning
Fallback BC
In RRC-based capability exchange, per BC capability is defined as the capability associated with a given band combination for CA or MR-DC, which for CA can be intra-band contiguous CA, intra-band non-contiguous CA, or inter-band CA. The UE capabilities can be reported via ca-ParametersNR for NR. Now that in LPP-based capability exchange as in TS 37.355, we also have capabilities reported per BC, e.g. DL-PRS-ResourcesBandCombination.
DL-PRS-ResourcesBandCombination-r16 ::=	SEQUENCE {
	bandList-r16							SEQUENCE (SIZE (1..maxSimultaneousBands-r16)) OF 
															FreqBandIndicatorNR-r16,
	maxNrOfDL-PRS-ResourcesAcrossAllFL-TRP-ResourceSet-r16	
											CHOICE {
		fr1-Only-r16							ENUMERATED {n6, n24, n64, n128, n192, 
															n256, n512, n1024, n2048},
		fr2-Only-r16							ENUMERATED {n24, n64, n96, n128, n192,
															 n256, n512, n1024, n2048},
		fr1-FR2Mix-r16							SEQUENCE {
			fr1-r16									ENUMERATED {n6, n24, n64, n96, n128, 
																n192, n256, n512, n1024, n2048},
			fr2-r16									ENUMERATED {n24, n64, n96, n128, n192,
																 n256, n512, n1024, n2048},
			...
			},
		...
		},
	...

The difference between RRC-based BC and LPP-based BC includes
· RRC-based BC is used for SCell, which means that there should be a carrier on a band to “activate” the capability on the band, while LPP-based BC does not have to be associated with an SCell.
· RRC-based BC has CA bandwidth class associated with each band in the BC, and takes into account the intra-band contiguous CCs, while LPP-based BC does not have such detail information.
Despite the discrepancies, they share similar problem for the exponential growth of number of BCs to report. 
[bookmark: _Ref51678466]To resolve this, fallback BC is generally used as defined in TS 38.306 for RRC-based capability exchange, and explicit omission is mentioned in the spec. 
	Fallback band combination: A band combination that would result from another band combination by releasing at least one SCell or uplink configuration of SCell, or SCG. An intra-band non-contiguous band combination is not considered to be a fallback band combination of an intra-band contiguous band combination.



	supportedBandCombinationList
Defines the supported NR and/or MR-DC band combinations by the UE. For each band combination the UE identifies the associated feature set combination by featureSetCombinations index referring to featureSetCombination. A fallback band combination resulting from the reported CA and MR-DC band combination is not signalled but the UE shall support it. For intra-band non-contiguous CA band combinations, the UE only includes one band combination, and exclude the others for which the presence of uplink CA bandwidth class in the band combination entry is different. One band combination entry can also indicate support of any other possible permutations in the presence of uplink CA bandwidth class where a paired downlink CA bandwidth class is the same or where the number of UL CCs is smaller than the one of paired DL CCs expressed by the CA bandwidth class, as specified in TS 36.306 [15]. For these band combinations not included in the capability, the supported feature set is the same as the ones for the band combination included in the UE capability.
	UE
	Yes
	No
	No



The fallback BC allows the operations such that UE only reports its capability on a superset band combination e.g. A+B+C, and network assumes that UE supports the feature on any of the subset thereof, e.g. A+B, B+C, A+C, A, B, C.
However, when we design the LPP capability signaling, it is not clear whether such an operation of fallback BC is supported, and clearly the definition in 38.306 for the fallback band combination cannot be directly used for LPP, simply because PRS does not have to be received on an SCell.
In addition, we agreed the following Note in previous RAN1#102-e meeting, which implies that fallback BC is not considered in the context.
	· Add the following Note in FG 13-1, 13-2a, 13-2b, 13-3a, 13-3b, 13-4a, 13-4b:
· Note: if the UE does not indicate this capability for a band or band combination, the UE does not support this positioning method in this band or band combination.



Considering the further room of signaling optimization without ASN.1 change, we would like to propose the following alternatives on clarifications on the fallback operation for LPP-based capability exchange.
Proposal NR-Pos-1: Clarify the following reporting behavior for FG13-2b, FG13-3b, and FG13-4b that
· Alt. 1 Band combination fallback is allowed.
· UE capability signaling on a superset BC applies to any subset BC thereof.
· UE shall not report the capability for the subset BC if the capability is the same as the superset BC.
· Note: For FR1/FR2 mixed operation, the capability applies to the subset BC within each FR.
· Note: If the capability on a subset BC is different from that on the superset BC, UE may report the subset BC individually.
· Alt. 2 Band combination fallback is not allowed.
· UE capability signaling on a superset BC does not apply to any subset BC thereof.
· Networks assume that UE does not support PRS on a BC if UE does not include the BC in the capability signaling.

Common PRS capabilities
In RAN1 UE feature discussion, we have FG13-1, FG13-1a, FG13-7, FG13-7a, and FG13-18 as common UE capability across positioning methods (DL-AoD, DL-TDOA, Multi-RTT). However, currently in LPP, they are included in each positioning method. It may be wrong interpreted by the UE that UE may report different capabilities for those FGs in the multiple positioning methods, which should not be allowed.
	13. NR Positioning
	13-1
	Common DL PRS Processing Capability
	1. Maximum DL PRS bandwidth in MHz, which is supported and reported by UE.
a)	FR1 bands: {5, 10, 20, 40, 50, 80, 100}
b)	FR2 bands: {50, 100, 200, 400}

1. DL PRS buffering capability: Type 1 or Type 2
1. Type 1 – sub-slot/symbol level buffering
1. Type 2 – slot level buffering

1. Duration of DL PRS symbols N in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz, which is supported and reported by UE.
1. T: {8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms
1. N: {0.125, 0.25, 0.5, 1, 2, 4, 6, 8, 12, 16, 20, 25, 30, 32, 35, 40, 45, 50} ms


1. Max number of DL PRS resources that UE can process in a slot under it
3. FR1 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 15kHz, 30kHz, 60kHz
3. FR2 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 60kHz, 120kHz

Note: The above parameters are reported assuming a configured measurement gap and a maximum ratio of measurement gap length (MGL) / measurement gap repetition period (MGRP) of no more than 30%.


	13. NR Positioning
	13-1a
	Max number of positioning frequency layers UE supports across all positioning methods across all bands
	Max number of positioning frequency layers UE supports across all positioning methods across all bands
Values: {1, 2, 3, 4}

	13. NR Positioning
	13-7
	Support of SSB from neighbor cell as QCL source of a DL PRS
	1. Support of SSB from neighbor cell as QCL source of a DL PRS
0. Support of reuse SSB measurement from RRM for receiving PRS
Note: Refers to Type-C for FR1 and Type-C & Type-D support for FR2

	13. NR Positioning
	13-7a
	Support of DL PRS from serving/neighbor cell as QCL source of a DL PRS
	1. Support of DL PRS from serving/neighbor cell as QCL source of a DL PRS
Note: Refers to Type-D support for FR2

	13. NR Positioning
	13-18
	Support of parallel processing of LTE PRS and NR PRS
	1. Support of parallel processing of LTE PRS and NR PRS



To resolve this, we propose to clarify the reporting behaviour by adding the Note.
Proposal NR-Pos-2: Add the following Note for the FG 13-1, FG13-1a, FG13-7, FG13-7a, and FG13-18.
· Note: UE needs to include the capabilities in only one of the IEs NR-DL-TDOA-ProvideCapabilities, NR-DL-AoD-ProvideCapabilities, and NR-Multi-RTT-ProvideCapabilities, for the cases when capabilities of multiple positioning methods are reported.

Positioning UE feature on unlicensed bands
For DL part, from channel access definition, it is unclear whether Cat 2 LBT or Cat 4 LBT should be applied to PRS transmission, and clearly PRS is not categorized as either discovery burst or unicast data. In addition, PRS transmission on unlicensed bands is not supposed to be overlapping between TRPs, which is different from the common assumption for licensed bands.
For UL part, SRS transmission is OK for unlicensed spectrum.
Proposal NR-Pos-3: FGs related to DL PRS is not applicable to unlicensed bands for this release.

V2X
NR sidelink mode 1 with cross-carrier scheduling
In RAN1#102-e, RAN1 achieved the following agreement.
Agreements:
· Note: It is understood that the carrier transmitting DCI formats 3_0/3_1 is configurable per the current signalling
· Only one carrier can be configured for a UE to monitor DCI formats 3_0/3_1
· From RAN1 perspective, no additional RRC signaling is necessary.
· It is subject to UE capability discussion for the case when the carrier transmitting DCI formats 3_0/3_1 is different from the SL carrier

During the last round of discussion, a new FG 15-25 was proposed to capture the cross-carrier scheduling capability. It was also mentioned that such capability can be embedded in FG 15-2.
Given the context in which the agreements on FG 15-2 components were made, our understanding is that FG 15-2 is interpreted on the basis that DCI 3_0 is transmitted on the same carrier as sidelink carrier. RAN1 had not achieved much progress on cross-carrier scheduling before RAN1#102-e, and there was no suggestion that any other operation was contemplated. Such mode 1 operation results in a shared carrier where DCI 3_0 for DG and CG type-2 is transmitted using the same carrier as sidelink. 
For shared carrier and dedicated sidelink carrier scheduled by DCI 3_0 on a different carrier, it is safer to make it an optional feature. To accurately capture the agreements, “carrier” should be used instead of “cell”.
To capture UE’s cross-carrier scheduling capability, we support defining a new FG. Although both methods are acceptable from RAN1’s perspective, capturing cross-carrier scheduling in FG 15-2 might obfuscate RAN1’s intention and seriously complicate RAN2’s signaling design. The proposed FG is as below:
	15-25
	Transmitting NR sidelink mode 1 scheduled by NR Uu on a different carrier
	1) UE can monitor DCI format 3_0 on a different carrier from sidelink for NR sidelink dynamic scheduling and configured grant type 2.
	FG 15-2
	Yes
	No
	
	Per FS

	N.A.
	N.A.
	N.A.
	
	Optional with capability signalling



In RAN1#102-e, there was mention that the FG list should include the possibility of multiple Uu carriers being able to schedule a single PC5 carrier. This operation is clearly ruled out by the agreement cited above, which sets only one carrier for DCI monitoring.
Proposal NR-V2X-1: A new FG 15-25 should be defined:
·  “Feature group” column: Transmitting NR sidelink mode 1 scheduled by NR Uu on a different cellcarrier
·  “Components” column: UE can monitor DCI format 3_0 on a different carrier from sidelink for NR sidelink dynamic scheduling and configured grant type 2
·  “Mandatory/Optional” column: Optional with capability signalling

eMIMO
Working assumption:
[image: ]
For 16-5c-2, it was a working assumption for the UE capability, which is needed to be discussed further in this meeting. One aspect for Mode-2 is that UE can be configured multiple SRS resources with different number of ports for each resource. For example, UE is configured with a 2-port SRS resource and a 4-port SRS resource, where Rank-1 and 2 full power transmission can be supported in 2-port case and Rank-4 full power transmission can be achieved by 4-port case. To report the UE’s capability clearly for the feature, two information needs to be included in FG 16-5c-2, where one is how many SRS resources with different ports can be supported by UE, the other one is which combination of SRS resources with different ports can be supported. In the above example, the max number of SRS resources with different ports is 2, and the combination of SRS resources is 2-port and 4-port SRS resources.
In current design of FG 16-5c-2, the meaning of candidate values are not clear enough whether the max number of SRS resources with different ports is included:
· If the understanding is that the max number of SRS resources with different ports is included in the candidate values, where the candidate {1_2} can be for max number of SRS resources with different number is 2, and the UE support the SRS resource combination is 1-port and 2-port SRS resources. Similarly, {1_4} is for max number of SRS resource with different number is 2 as well, the UE support SRS resource combination is 1-port and 4-port SRS resources. {1_2_4} is for up to 3 SRS resources can be with different SRS ports, while the SRS resource combination is {1-port, 2-port and 4-port SRS resources}. Then, there is one UE capability case is missing: UE only support max 2 SRS resources with different ports, and the SRS resource combination is {2-port, 4-port}.
· If the understanding is that the max number of SRS resources with different ports is not included, there is some ambiguity for the UE capability reporting with the current FG. For example, UE report {1_2_4}, gNB cannot understand how many SRS resources can be with different ports for the UE, it can be 1, 2 or 3
Please note that the parent FG, i.e., FG 16-5c, is for the max number SRS resources, but it is not for max number of SRS resources with different ports. The difference is that FG 16-5c can include the SRS resources with the same ports.
So, the current version of FG 16-5c-2 is not well defined. There are two solutions to address the mentioned issues above:
Alt.1: Introduce the candidate value {2_4}, where {2_4} is interpreted as UE support up to 2 SRS resources with different ports, where the SRS resource combination can be 2-port and 4-port SRS resources.
Alt.2: Introduce a new component: max number of SRS resources with different ports, where the candidate values can be {1, 2, 3}.
Proposal eMIMO-1: For FG 16-5c-2, to address the ambiguity on UE capability, one more candidate value {2_4} or a new component “Max number of SRS resources with different ports” should be introduced.

eURLLC
This section discusses the following remaining issues for URLLC/IIoT capabilities:
· Whether to add components for the restriction on the number of different start symbol indices of PDCCH monitoring occasions per slot/half-slot to FG 11-2 or not  
· Details of new FG “Out-of-order CBG-based re-transmission(s) with cancelled initial PUSCH transmission” 

FG 11-2: Whether to add components for the restriction on the number of different start symbol indices of PDCCH monitoring occasions per slot/half-slot
In FG 3-5b, the following two sub-bullets to define the restriction on the number of different start symbol indices of PDCCH monitoring occasions per slot and per half-slot is given from UE implementation complexity perspective: 
· The number of different start symbol indices of PDCCH monitoring occasions per slot including PDCCH monitoring occasions of FG-3-1, is no more than 7.
· The number of different start symbol indices of PDCCH monitoring occasions per half-slot including PDCCH monitoring occasions of FG-3-1 is no more than 4 in SCell.

FG 11-2 is designed based on the framework of FG 3-5b, therefore similar restriction should be included also. One issue discussed in RAN1#102-e is that whether the number of different start symbol indices of PDCCH monitoring occasions per slot will have impact on the UE complexity. In our understanding, it will have impact on the UE complexity at least from PDCCH overbooking perspective, unless it is clarified that UE does not expect to do the CCE/BD counting in spans except the first one within a slot for Rel-16 PDCCH monitoring capability on the primary cell, where CCE/BD counting is as defined by the following two paragraphs in TS 38.213:
	A PDCCH candidate with index [image: ] for a search space set [image: ] using a set of CCEs in a CORESET [image: ] on the active DL BWP for serving cell [image: ] is not counted for monitoring if there is a PDCCH candidate with index [image: ] for a search space set [image: ], or if there is a PDCCH candidate with index [image: ] and [image: ], in the CORESET [image: ] on the active DL BWP for serving cell [image: ] using a same set of CCEs, the PDCCH candidates have identical scrambling, and the corresponding DCI formats for the PDCCH candidates have a same size; otherwise, the PDCCH candidate with index [image: ] is counted for monitoring.  
…
CCEs for PDCCH candidates are non-overlapped if they correspond to
-	different CORESET indexes, or 
-	different first symbols for the reception of the respective PDCCH candidates.



If UE needs to do CCE/BD counting in all the spans in a slot, the UE complexity would be too high, since the number of PDCCH monitoring occasions with different starting symbol index will have impact on UE complexity at least from CCE/BD counting perspective, as you can tell from the two paragraphs in the spec above. Based on the discussion in RAN1#102-e, some other UE vendors expressed that even without CCE/BD counting, it will increase the UE complexity on some other aspects also, therefore seems safer to include the two bullets directly in FG 11-2. 
[bookmark: OLE_LINK38][bookmark: OLE_LINK39]Proposal eURLLC-1: Add the components for the restriction on the number of different start symbol indices of PDCCH monitoring occasions per slot/half-slot in FG 11-2.  
	11. 
NR_L1enh_URLLC
	11-2
	Rel-16 PDCCH monitoring capability 
	1. Supported combination(s) of (X, Y, ). For each reported combination, the UE supports the limit C on the maximum number of non-overlapped CCEs for channel estimation per PDCCH monitoring span and the limit M on the maximum number of monitored PDCCH candidates per PDCCH monitoring span 
2. Maximum number of DL and UL unicast DCI formats in a span
For the set of monitoring occasions which are within the same span:
· Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for FDD
· Processing one unicast DCI scheduling DL and two unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD
· Processing two unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD
3. The number of different start symbol indices of PDCCH monitoring occasions per slot including PDCCH monitoring occasions of FG-3-1, is no more than 7.
4. The number of different start symbol indices of PDCCH monitoring occasions per half-slot including PDCCH monitoring occasions of FG-3-1 is no more than 4 in SCell.



In addition, another aspect that may have impact on FG 11-2 is whether to add one component for the restriction that same span pattern repeats in every slot for a given CC, which may depend on the discussion in maintenance.  
New FG for “Out-of-order CBG-based re-transmission(s) with cancelled initial PUSCH transmission”
The problem with CBG based re-transmission is the generation of the TB-CRC in case the initial transmission gets partially cancelled and that these partially cancelled CBGs are scheduled out-of-order in the re-transmissions, for example as illustrated in Figure eURLLC-1 below. The TB-CRC shall be sent in the last CBG (CBG#4 in the example of Figure eURLLC 1). For the calculation of the TB-CRC it is needed that the source bits are supplied in the correct order. If CBGs #3 and #4 are cancelled in the initial transmission, the TB-CRC calculation would stop after CBG #2. The UE would then firstly need CBG #3 to correctly calculate the TB-CRC. But according to the current specification the gNB could schedule any CBG in the first re-TX. For the UE implementation it would be very difficult to prepare the TB-CRC when previously cancelled CBGs are re-scheduled in out-of-order fashion and this situation should therefore be avoided.
[image: ]
[bookmark: _Ref46756576]Figure eURLLC- 1 Out of order scheduling of CBGs
During the previous RAN1 meetings, multiple options have been discussed and the following two candidate solutions, Option 1 and Option 1a, were left at the end:
· Option 1: the UE is not expected to be scheduled for a re-transmission of the TB including the last CBG if each of the other CBGs (except for the last one) have either not been transmitted at least once before or are not scheduled for a re-transmission in the same UL grant as the last CBG.
· Option 1a: The UE is not expected to be scheduled for a re-transmission of a CBG #N in a given TB unless CBG #N-1 has been transmitted before or is scheduled in the same UL grant that includes CBG#N.

Option 1 and Option 1a intend to ensure that the cancelled CBGs are re-scheduled in in-order fashion. However, Option 1 is not complete and can result into problems for some cases because it does not in general solve the issue that is supposed to be addressed. Consider the example in Figure eURLLC-2 below, where CBGs #2, #3 and #4 are cancelled in the initial transmission. In the first re-TX, only CBG3 is scheduled. The generation of the TB-CRC, on the other hand, would require the source bits from CBG#2 are taken into account before CBG#3. Thus, scheduling according to Option 1 as shown in the example below result into problems for the UE implementation. 
[image: ]
[bookmark: _Ref52186122]Figure eURLLC-2 CBG re-transmission according to Option 1
The above described problem is avoided with Option 1a, where the scheduling of each CBG requires that all the previous CBGs have either already been transmitted or are scheduled by the same grant. Therefore, Option 1a should be supported. 
The issue was discussed in RAN#89-e and the following conclusion was achieved: 
	Conclusion: Introduce a new FG "Out-of-order CBG-based re-transmission(s) with cancelled initial PUSCH transmission". Details are to be finalised by RAN1 and RAN2.


Based on the above analysis, we have the following proposal for the details of the new FG:

Proposal eURLLC-2: Add the new FG “Out-of-order CBG-based re-transmission(s) with cancelled initial PUSCH transmission” for eURLLC WI with details as below (based on Option 1a above):
	11. 
NR_L1enh_URLLC
	11-12
	Out-of-order CBG-based re-transmission(s) with cancelled initial PUSCH transmission
	Support CBG-based re-transmission(s) of a TB in case the initial PUSCH transmission was cancelled and the following condition is satisfied: the UE is scheduled for a re-transmission of a CBG #N in a given TB when CBG #N-1 has not been transmitted before and it is not scheduled in the same UL grant that includes CBG#N.
	5-25
	Yes
	N/A
	 
	Per UE
	N/A
	N/A
	 
	A UE supporting 5-25 but not 11-12 shall support CBG-based retransmission(s) with cancelled initial PUSCH transmission if the following condition is satisfied: the UE is scheduled for a re-transmission of a CBG #N in a given TB only if CBG #N-1 has been transmitted before or it is scheduled in the same UL grant that includes CBG#N.
	Optional with capability signaling 


[bookmark: _GoBack]Summary
Remaining issues for some Rel-16 topics are given above.
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