3GPP TSG RAN WG1 Meeting #102-e 
R1-2005626
e-Meeting, Aug. 17th – Aug. 28th, 2020
Agenda Item: 7.2.10
Source: MediaTek Inc.

Title: Remaining issues on Rel-16 carrier aggregation
Document for: Discussion and decision
1 Introduction
This paper provides our views on remaining issues on Rel-16 carrier aggregation. Detailed proposals are described in the following sections. 
2 Remaining Issues on Cross Carrier Scheduling
In the latest RAN1 UE feature list [1], the following UE capabilities structure for DL/UL cross carrier scheduling is applied:
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It can be seen that the enhanced DCI processing capability (component 2 highlighted in yellow) is still in bracket and not stable yet. Since FG 18-5 and FG 18-5b are basic features for cross-carrier scheduling, and with the late state in Rel-16, we do not think the enhanced DCI processing capability should be included inside the basic features.
Proposal 1: Remove Component 2 from FG 18-5 and FG 18-5b.
In the latest RAN1 UE feature list [1], a new UE feature FG 18-9 “Type2 HARQ-ACK codebook for >1 DL DCIs in same Monitoring Occasion” is defined in RAN1 #101e [2] as shown below:
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To our understanding, in the feature group description, the “DL DCI” should be modified to be “unicast DL DCI”. 

During RAN1 online email discussion in RAN1 #101e, the original FL proposal is:
· Feature lead proposal: introduce a resolution based on option 1:
· If the maximum number of unicast DCIs per MO per scheduled cell is increased to larger than one, the PDSCH starting time in addition to the existing MO and Cell index is introduced to order the HARQ-ACK feedback. 
· Introduce separate UE capability as being discussed under the UE feature session

After a lengthy discussion, the “unicast” is lost due to no reason. Thus, the DCI mentioned in FG 18-9 here should be “unicast” DCI.

Proposal 2: In FG 18-9 “Type2 HARQ-ACK codebook for >1 DL DCIs in same Monitoring Occasion”, modify “DL DCI” to be “unicast DL DCI” for clarification.
In the latest RAN1 UE feature list [1], the candidate values for FG 18-5a and FG 18-6a are still FFS:
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We thus have the following proposal:

Proposal 3: For FG 18-5a and FG 18-6a, the candidate value should be {same numerology, different numerology, both}.
3 Remaining Issues on SCell Dormancy

3.1 HARQ-ACK for case 2 dormancy indication
In RAN1 #99 [3], we have the following agreement:

Agreements:

· For Type 2 codebook, ACK is transmitted by the UE in response to detection of Case 2 PDCCH with SCell dormancy indication

· For type 1 codebook, no HARQ response is supported in response to detection of Case 2 PDCCH with SCell dormancy indication

In RAN1 #100e, for HARQ-ACK for case 2 (non-scheduling DCI format 1_1) dormancy indication with Type 2 codebook, HARQ-ACK mechanism for SPS release was chosen instead of the HARQ-ACK mechanism for virtual PDSCH. Then, the following TP in [4, R1-2001419] to additionally describe the HARQ-ACK for case 2 dormancy indication with Type 2 codebook in 38.213 10.3 is endorsed while leaving the specific N value to be further determined:
· A UE is expected to provide HARQ-ACK information in response to a DCI format 1-1 indicating SCell dormancy without scheduling PDSCH after [image: image4.png]


 symbols from the last symbol of a PDCCH providing the SCell dormancy without scheduling PDSCH. If processingType2Enabled of PDSCH-ServingCellConfig is set to enable for the serving cell with the PDCCH providing the DCI format 1-1 indicating SCell dormancy without scheduling PDSCH, [[image: image5.png]N=5
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 corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH providing the DCI format 1-1 indicating SCell dormancy without scheduling PDSCH and the SCS configuration of a PUCCH carrying the HARQ-ACK information in response to a DCI format 1-1 indicating SCell dormancy without scheduling PDSCH.
However, the case 2 dormancy indication DCI is different from the SPS release DCI that the case 2 dormancy indication DCI would trigger SCells BWPs switch (in or out of dormant BWP). According to TS 38.133 [5], BWP switch could cause interruption length X to other active serving cells as:
Table 8.2.1.2.7-1: interruption length X
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	NR Slot length (ms)
	Interruption length X (slotsNote 1)

	
	
	

	0
	1
	1

	1
	0.5
	1

	2
	0.25
	3

	3
	0.125
	5

	Note1:
If the BWP switch involves changing of SCS, the interruption due to BWP switch is determined by the smaller SCS between the SCS before BWP switch and the SCS after the BWP switch. 


RAN4 is currently discussing the switch delay and interruption for switch between dormant/non-dormant BWPs [6] where currently there are 3 options:
· 2-1-5: Interruption at switching between dormancy and non-dormancy [Inside active time]
· Option 1: Rel-15 BWP switch interruption requirements apply for dormancy switch triggered within DRX active time. Interruption additionally allowed for toggling RF on/off.
· Option 2: Interruption length as in Table 8.2.2.2.5-1 applies. The interruption time window is confined within the BWP switching delay for transition between dormancy and non-dormancy. If UE is capable of per-FR gap, UE is allowed to cause interruption of up to X slot to other active serving cells in the same frequency range. If UE is not capable of per-FR gap, UE is allowed to cause interruption of up to X slot to other active serving cells. Interruptions are allowed regardless of which parameters change between dormancy and non-dormancy.
· Option 3: Follow normal BWP change interruption requirements, i.e., no interruption when neither of locationAndBandwidth, nrofSRS-Ports, maxMIMO-Layers, or SCS, changes.  
If interruption time for switch between dormant/non-dormant BWPs is allowed by RAN4, the HARQ-ACK response of case 2 (non-scheduling DCI) dormancy indication with Type 2 codebook should be scheduled after the (allowed) interruption time duration. 
Besides, according to 38.213 [7] 9.2.3
UE procedure for reporting HARQ-ACK: 
· if the UE detects a DCI format indicating a SPS PDSCH release through a PDCCH reception ending in slot [image: image21.wmf]n

, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot [image: image22.wmf]k
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 is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format, if present, or provided by dl-DataToUL-ACK, or by dl-DataToUL-ACKForDCIFormat1_2 for DCI format 1_2. [image: image24.wmf]0
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 corresponds to the last slot of the PUCCH transmission that overlaps with the PDSCH reception or with the PDCCH reception in case of SPS PDSCH release. 

Therefore, we have the following proposal:
Proposal 4: If the UE detects a non-scheduling DCI format 1_1 dormancy indication through a PDCCH reception ending in slot [image: image25.wmf]n

, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot [image: image26.wmf]k
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 is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format, if present, or provided by dl-DataToUL-ACK, or by dl-DataToUL-ACKForDCIFormat1_2 for DCI format 1_2. [image: image28.wmf]0
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 corresponds to the last slot of the PUCCH transmission that overlaps with the non-scheduling dormancy indication DCI format 1_1. UE is not expected to have the HARQ-ACK feedback for non-scheduling dormancy indication DCI format 1_1 before the allowed interruption time duration.
3.2 HARQ-ACK for case 1 dormancy indication
For Case 1 SCell dormancy indication, it’s a scheduling DCI using format 0_1/1_1 on PCell to trigger SCells BWPs switch (in or out of dormant BWP) in a group based manner. Up to 5 additional bits in  DCI using format 0_1/1_1 can be configured and one bit corresponds to indication of one SCells group. 

Since DCI formats 0_1/1_1 are UL/DL scheduling DCIs, they would trigger UL/DL data transmission on the PCell. To avoid the PCell UL/DL data transmission for case 1 dormancy indication DCI falling inside the interruption caused by SCells BWP switch, the corresponding PUSCH/PDSCH should be scheduled after the interruption time.
Hence, we have the following proposal:

Proposal 5: A UE does not expect to detect a DCI format 1_1 or a DCI format 0_1 indicating SCell dormancy with the corresponding time domain resource assignment field providing a slot offset value for a PDSCH reception or PUSCH transmission that is smaller than a delay required by the UE for an DL BWP change between dormant and non-dormant BWPs.
3.3 SCell dormancy indication DCI in the first three symbols
According to 38.213 [7] 12 Bandwidth part operations, 
· A UE expects to detect a DCI format 0_1 indicating active UL BWP change, or a DCI format 1_1 indicating active DL BWP change, only if a corresponding PDCCH is received within the first 3 symbols of a slot.
Since dormant BWP is defined as a DL BWP, it is possible that NW would use a scheduling DCI format 0_1 (Case 1 indication) to indicate a DL BWP change (dormant BWP). To align the logic of BWP switch in current spec, we have the following proposal:

Proposal 6: A UE expects to detect a DCI format 0_1 indicating active UL/DL BWP change, or a DCI format 1_1 indicating active DL BWP change, only if a corresponding PDCCH is received within the first 3 symbols of a slot.

4 Remaining Issues on Unaligned CA

4.1 SCell slot slit for intra-frequency RSSI measurement
In 38.331 [8], the RSSI measurement time location is specified by the following IE:
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The definition of “first slot in the SMTC window” highlighted in yellow may cause a little confusion in unaligned CA case. 

For example, for Pcell=60kHz, SCell=15kHz, N = -1 (ca_slot_offset = -1), it is not clear whether slot 0 or slot 1 shown below (in red rectangle) should be the first slot in measurementSlots for the SCell.
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It is noted that, in the figure, SF means subframe, MO means measurement occasion; SMTC window is defined by PCell timing; for convention CA, slot boundary is always aligned with SMTC window; however, for unaligned CA case, it is not clear whether a partially overlapped slot with SMTC window should be treated as “a slot in the SMTC window”.

For RSSI measurement, RSSI is a measured value not related to cell dimension. The measured RSSI is an aggregated measured value from all cells in a specific frequency layer. The problem here is that, based on TS38.215 [9] as highlighted in yellow below, we need to determine a reference RSSI measurement timing based on one serving cell in this frequency layer. If there is only one SCell (no PCell) in this frequency layer, and the SCell has a slot offset compared to PCell, then this issue arises.
[image: image31.png]In TS38.215, the reference timing is based the serving cell in the frequency layer.

5.1.3 SSreference signal received quality (SS-RSRQ)

Definition

Secondary synchronization signal reference signal received quality (SS-RSRQ) is defined as the ratio of NxSS-RSRP / NR carrier RSSI,
where N is the number of resource blocks in the NR carrier RSSI measurement bandwidth. The measurements in the numerator and
denominator shall be made over the same set of resource blocks.

NR carrier Received Signal Strength Indicator (NR carrier RSSI), comprises the linear average of the total received power (in [W]) observed
only in certain OFDM symbols of measurement time resource(s), in the measurement bandwidth, over N number of resource blocks from all
sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. For cell selection, according
to Section 4.1 of 3GPP TS 38.211 [12], the measurement time resources(s) for NR Carrier RSSI are not constrained. Otherwise, the
measurement time resource(s) for NR Carrier RSSI are confined within SS/PBCH Block Measurement Time Configuration (SMTC) window
duration.

If indicated by higher-layers, if measurement gap is not used, the NR Carrier RSSI is measured in slots within the SMTC window duration that are indicated by the
higher layer parameter measurementSlots and in OFDM symbols given by Table 5.1.3-1 and, if measurement gap is used, the NR Carrier RSSI is measured in
slots within the SMTC window duration that are indicated by the higher layer parameter measurementSiots and in OFDM symbols given by Table 5.1.3-1 that are
overlapped with the measurement gap, which is defined in 3GPP TS38.133 [12].

- For intra-frequency measurements, NR Carrier RSSI is measured

- For inter-frequency measurements, NR Carrier RSSI is measured with timing reference corresponding to any cell in the target frequency layer





Therefore, we have the following proposal:

Proposal 7: For the IE measurementSlots defined in 38.331, only complete slots inside the SMTC window are indicated by the bitmap in measurementSlots.
4.2 SCell slot slit by PCell measurement gap
According to 38.133 [5] 9.1.2 Measurement gap, the configurable measurement gap length (MGL) is summarized below in Table I. It can be seen that MGL is a multiple of 1ms for FR1 and a multiple of 0.5ms for FR2.
Table I: Gap Pattern Configurations in 38.133 [5]
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Referring to the Figure 9.1.2-1-(b), and Table 9.1.2-4 in 38.133 [5], it can be seen that a slot partially overlapped with the measurement gap is also included in the interruption time. 
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(b) Measurement gap with MGL = N(ms) with MG timing advance of 0.5ms for all serving cells in
synchronous EN-DC, NR standalone operation (with single carrier, NR CA and synchronous NR-DC
configuration) and synchronous NE-DC, and for serving cells in MCG in NR standalone operation (with
asynchronous NR-DC configuration)




Figure 9.1.2-1-(b) in 38.133 [5]

[image: image34.png]Table 9.1.2-4: Total number of interrupted slots on all serving cells during MGL for Synchronous EN-
DC, NR standalone operation (with single carrier, NR CA and synchronous NR-DC configuration) and
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#

NR Total number of interrupted slots on serving cells
SCS | When MG timing advance of Oms is When MG timing advance of 0.5ms
(kHz) applied is applied
MGL=6ms | MGL=4ms | MGL=3ms | MGL=6ms | MGL=4ms | MGL=3ms
15 6 4 3 7Note3 5Note3 4Note3
30 12 8 6 12 8 6
60 24 16 12 24 16 12
120 48 32 24 48 32 24

NOTE 1: For Gap Pattern ID 0, 1, 2 and 3, total number of interrupted subframes on
MCG is MGL subframes when MG timing advance of Oms is applied, and
(MGL+1) subframes when MG timing advance of 0.5ms is applied.

NOTE 2: NR SCS of 120 kHz is only applicable to the case with per-UE measurement
gap.

NOTE 3: Non-overlapped half-slots occur before and after the measurement gap.
Whether a Rel-15 UE can receive and/or transmit in those half-slots is up to
UE implementation.





Therefore, following the same logic as Figure 9.1.2-1-(b) in 38.133 [5], SCC slot 0/slot 5 shown in the figure below should also be included in the interruption time in unaligned CA scenario.
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The following proposal is hence drawn:
Proposal 8: For unaligned CA scenario, a slot partially overlapped with the measurement gap is also included in the interruption time. RAN1 should send an LS to RAN4 to require a corresponding update in RAN4 spec for unaligned CA scenario about interruption time.

4.3 UE feature modification
In the latest RAN1 UE feature list [1], the following UE capabilities structure for unaligned CA is applied:
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As described in 4.1 and 4.2, many important parameters (say SMTC window, measurement gap, …) are defined on the timeline of PCell. To avoid the SCell slot slit issue mentioned in 4.1 and 4.2, we suggest to add the following candidate values to FG 18-7 that UE can report:
· PCell/PSCell lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList in ServingCellConfig <= SCell lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList in ServingCellConfig
· PCell/PSCell lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList in ServingCellConfig > SCell lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList in ServingCellConfig
· both
Proposal 9: To avoid the SCell slot slit issue mentioned in 4.1 and 4.2, add the following candidate values to FG 18-7 that UE can report: 
· PCell/PSCell lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList in ServingCellConfig <= SCell lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList in ServingCellConfig
· PCell/PSCell lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList in ServingCellConfig > SCell lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList in ServingCellConfig
· both
5 Summary 

In this contribution, we focus on the discussions for the remaining issues on Rel-16 carrier aggregation and have the following proposals:
Proposal 1: Remove Component 2 from FG 18-5 and FG 18-5b.
Proposal 2: In FG 18-9 “Type2 HARQ-ACK codebook for >1 DL DCIs in same Monitoring Occasion”, modify “DL DCI” to be “unicast DL DCI” for clarification.
Proposal 3: For FG 18-5a and FG 18-6a, the candidate value should be {same numerology, different numerology, both}.

Proposal 4: If the UE detects a non-scheduling DCI format 1_1 dormancy indication through a PDCCH reception ending in slot [image: image37.wmf]n

, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot [image: image38.wmf]k
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 is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format, if present, or provided by dl-DataToUL-ACK, or by dl-DataToUL-ACKForDCIFormat1_2 for DCI format 1_2. [image: image40.wmf]0
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 corresponds to the last slot of the PUCCH transmission that overlaps with the non-scheduling dormancy indication DCI format 1_1. UE is not expected to have the HARQ-ACK feedback for non-scheduling dormancy indication DCI format 1_1 before the allowed interruption time duration.
Proposal 5: A UE does not expect to detect a DCI format 1_1 or a DCI format 0_1 indicating SCell dormancy with the corresponding time domain resource assignment field providing a slot offset value for a PDSCH reception or PUSCH transmission that is smaller than a delay required by the UE for an DL BWP change between dormant and non-dormant BWPs.
Proposal 6: A UE expects to detect a DCI format 0_1 indicating active UL/DL BWP change, or a DCI format 1_1 indicating active DL BWP change, only if a corresponding PDCCH is received within the first 3 symbols of a slot.

Proposal 7: For the IE measurementSlots defined in 38.331, only complete slots inside the SMTC window are indicated by the bitmap in measurementSlots.

Proposal 8: For unaligned CA scenario, a slot partially overlapped with the measurement gap is also included in the interruption time. RAN1 should send an LS to RAN4 to require a corresponding update in RAN4 spec for unaligned CA scenario about interruption time.

Proposal 9: To avoid the SCell slot slit issue mentioned in 4.1 and 4.2, add the following candidate values to FG 18-7 that UE can report: 
· PCell/PSCell lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList in ServingCellConfig <= SCell lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList in ServingCellConfig
· PCell/PSCell lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList in ServingCellConfig > SCell lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList in ServingCellConfig
· both
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