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Introduction
This contribution discusses issues in CA with mixed numerology, HARQ-ACK, and other miscellaneous topics.
During RAN#78 plenary meeting, the following decision has been made:
· For NR-NR CA, finalization of the work to enable up to 2 different numerologies within the same PUCCH group (PUCCH sent on the CC with smaller SCS) in RAN1 in Q1, and in RAN4 (Core) for Q2, for the December drop

This contribution contains new materials except Section 2.2.2 and Section 2.3 which are resubmission from R1-1804810 [5].
Discussion

[bookmark: _Toc503314554][bookmark: _Toc503531337][bookmark: _Ref510803863]CA with Mixed Numerology
Cross-carrier scheduling for mixed numerology CA
For carrier aggregation in NR, given that details for cross-carrier scheduling with same numerology and self-carrier scheduling with mixed numerology still need to be resolved, with only one RAN1 meeting before Rel-15 is concluded, we propose that NR supports only a very limited version of cross-carrier scheduling with CIF for mixed numerology CA in Rel-15, if progress permits.
In particular, within a single meeting, we should prioritize the following issues relating to cross-carrier scheduling with same numerology, and self-carrier scheduling with mixed numerology first
· CCE and blind decoding limits
· Overbooking handling associated with above limits
[bookmark: _Toc513662146][bookmark: _Toc513662449]
[bookmark: _Toc513840170]Observation 1: Specification for cross-carrier scheduling with CIF for mixed numerology CA depends on the resolution of other issues (such as those related to cross-carrier scheduling with same numerology and self-carrier scheduling with mixed numerology CA).

Only if above issues are resolved and a solid baseline is established, then we can move towards specification for cross-carrier scheduling with CIF for mixed numerology CA. 
Some of the issues with cross-carrier scheduling for mixed numerology CA have been pointed out in [7]. For example, if a carrier with a lower numerology cross-carrier schedules a carrier of a higher numerology, the PDCCH load on the carrier of the lower numerology can potentially be very high as it would need to cover multiple high-numerology slots in a single slot. It does not seem like RAN1 has sufficient discussion of possible solutions at least for this issue.
Realistically, if cross-carrier scheduling for mixed numerology CA is to be supported for Rel-15, it has to be a simplified version that is based on extension of (i) cross-carrier scheduling with same numerology, and (ii) self-carrier scheduling with mixed numerology. One important design guideline is to keep the PDCCH loading on the scheduling carrier similar to the level required for (i), with consideration for (ii).
The following approach is proposed:
[bookmark: _Toc513840171][bookmark: _Toc513817158][bookmark: _Toc513818246][bookmark: _Toc513818586][bookmark: _Toc513818900][bookmark: _Toc513821745]Proposal 1: Support for cross-carrier scheduling with CIF for mixed numerology CA in Rel-15 can be considered only if restrictions are put in place to keep complexity and specification effort manageable
· For example,
· Restrictions such that PDCCH loading on the scheduling carrier does not increase compared to the cross-carrier scheduling with same numerology baseline.
· Simple extension to CCE and blind decoding limits and overbooking handling mechanism
Note: Above proposal does not impact the SUL feature.

[bookmark: _Ref503531383]Clarifications for cross-carrier scheduling
The following clarifications based on the offline summary [6] should be discussed and endorsed. Further clarifications added by this contribution are underlined:
· Cross carrier slot-based scheduling is allowed toward equal or later slot only
· Slot timing is defined by the beginning of the slot
· When larger SCS schedules smaller SCS, overlapping slot is considered as K0=0 (or K2=0)
· When smaller SCS schedules larger SCS, K0=0 (or K2=0) is defined for slot with boundary aligned with that of slot containing the corresponding PDCCH
· Slot boundary is defined as the beginning slot boundary
· When HARQ-ACK is transmitted on a carrier with smaller SCS, overlapping slot is considered as K1=0
· When HARQ-ACK is transmitted on a carrier with larger SCS, K1=0 is defined for slot with end boundary aligned with that of slot for the corresponding PDSCH

[bookmark: _Toc513818587][bookmark: _Toc513818901][bookmark: _Toc513821746][bookmark: _Toc513840172]Proposal 2: The clarifications for cross-carrier scheduling in R1-1805719 “Offline summary on CA aspects” should be endorsed with some further clarifications.

We have the following additional proposals:
[bookmark: _Toc513818588][bookmark: _Toc513818902][bookmark: _Toc513821747][bookmark: _Toc513840173]Proposal 3: A separate DCI per grant is supported for cross carrier scheduling with mixed numerology CA in Rel-15.
[bookmark: _Toc513818589][bookmark: _Toc513818903][bookmark: _Toc513821748][bookmark: _Toc513840174]Proposal 4: For cross carrier scheduling with mixed numerology CA, a single DCI is used to schedule the transmission of the same TB across multiple slots in slot-aggregation. The K1 timing starts from the end of the last transmission in the aggregated transmissions.
[bookmark: _Toc513818590][bookmark: _Toc513818904][bookmark: _Toc513821749][bookmark: _Toc513840175]Proposal 5: Frequency-first, time-second DAI counter accumulation order is preferred for dynamic HARQ-ACK codebook.
For discussion details, please refer to our past contribution [5].

HARQ-ACK Issues
HARQ-ACK reporting for PDSCH candidate in multiple DAS
When UE is configured with semi-static HARQ-ACK codebook, the HARQ-ACK codebook is determined by a set of semi-static configurations, and the size of the codebook is determined at least by the number of values in k1 set, the number of DL carriers within the PUCCH group, the number of non-overlapped PDSCH per slot (and corresponding UE capability), number of CBGs per carrier. For each PUCCH occasion (or UCI piggybacked on PUSCH), the PDSCH candidates which are included as part of the codebook is called the downlink association set (DAS). DAS is determined based on the values of k1 set (relative to the PUCCH occasion), and whether the slot corresponding to the k1 value is in the DL direction or not.
If there are multiple values in the k1 set, a particular PDSCH candidate maybe included in multiple DAS, if the slot for the PDSCH candidate falls within the overlapping region of the DAS. The behavior for HARQ-ACK reporting in this scenario needs to be clearly specified.
Out of the multiple DAS that include the PDSCH candidate, only one of them corresponds to the k1 indicated in the DL assignment for the PDSCH that is actually scheduled. For the PUCCH corresponding to the indicated k1, the valid HARQ-ACK should be reported. The question is what should be reported for the other PUCCH associated with the DAS including the PDSCH candidate but do not correspond to the indicated k1.
First we do not support the proposal to reduce HARQ-ACK codebook size by eliminating the HARQ-ACK bit for the PDSCH candidate included in the DAS but does not correspond to the indicated k1 in DL assignment. This is because we do not want the HARQ-ACK codebook size to depend on dynamic scheduling information.
Another proposal is to repeat the valid HARQ-ACK bit for the PUCCH corresponding to the DAS that include the PDSCH candidate. The benefit for repeating the valid HARQ-ACK bit is for redundancy, i.e. in case one of the PUCCH is not decoded successfully, the HARQ-ACK bit may still be recovered from other PUCCH containing the same information. However, the downside for repetition is that it may have timeline implication.
This should be more clearly illustrated with the following example. It is assumed that the k1 set is {2, 5, 8}, and UE supports single non-overlapping PDSCH per slot and CBG is not configured. Also, it is assumed that NACK is transmitted on the HARQ-ACK bit corresponding to unscheduled PDSCH candidate.
The PDSCH candidate in Slot n is included in 3 DAS (A, B, C), which correspond to the PUCCH transmitted in Slot n+2 (PUCCH A), Slot n+5 (PUCCH B), and Slot n+8 (PUCCH C) respectively. 
[image: ]
For HARQ-ACK reporting, “?” denotes the HARQ-ACK bits that do not correspond to PDSCH candidate in Slot n; it is not the focus of discussion in this example. For HARQ-ACK reporting for the PDSCH candidate in Slot n, the following are the options:
· Alt 1: Only report valid HARQ-ACK in the PUCCH slot corresponding to the k1 value indicated in the DL assignment for the scheduled PDSCH.
· Alt 2: Report valid HARQ-ACK in all PUCCH slots associated with the DAS which include the PDSCH candidate.
There is no question that the valid HARQ-ACK for PDSCH in Slot n should be reported in PUCCH B (Slot n+5), because this corresponds to the indicated k1 in the actual DL assignment.
For the HARQ-ACK bits in other PUCCH, i.e. A and C,
With the above example, the following would be reported as X:
· Alt 1: ACK for PUCCH B, NACK for PUCCH A, C
· Alt 2: ACK for PUCCH A, B, C
The disadvantage for Alt 1 is that if PUCCH B is missed, there is HARQ-ACK information is lost as PUCCH A and C does not carry redundant information.
The disadvantage for Alt 2 is stricter timeline for the UE. k1=5 is originally indicated in the DL assignment, and there are 5 slots from PDSCH to PUCCH. But because a valid HARQ-ACK has to be reported also for Slot n+2, this effectively tightened UE’s processing time from 5 slots to 2 slots. UE is imposed a tighter processing time budget simply due to an overlapping DAS. This does not seem to make sense.
Therefore, we propose the following option:
· Alt 3: For the same PDSCH candidate, for a PUCCH that corresponds to a smaller k1 than the indicated k1 in the DL assignment, report NACK in the PUCCH. For a PUCCH that corresponds to the same or larger k1 with respect to the indicated k1 in the DL assignment, report valid HARQ-ACK in the PUCCH.
With the above example, the following would be reported as X:
· Alt 3: NACK for PUCCH A, ACK for PUCCH B, C
Alt 3 achieves the best tradeoff in terms of timeline and allowing some HARQ-ACK redundancy. Therefore, it should be adopted.

[bookmark: _Toc513662450][bookmark: _Toc513817162][bookmark: _Toc513818247][bookmark: _Toc513818591][bookmark: _Toc513818905][bookmark: _Toc513821750][bookmark: _Toc513840176][bookmark: _Toc513662147]Proposal 6: When a UE is configured with semi-static HARQ-ACK codebook, for a particular PDSCH candidate that belongs to multiple DL association sets, HARQ-ACK reporting should be done as follows: (a)  For a PUCCH that corresponds to a smaller k1 than the indicated k1 in the DL assignment, report NACK in the PUCCH, (b) For a PUCCH that corresponds to the same or larger k1 with respect to the indicated k1 in the DL assignment, report valid HARQ-ACK in the PUCCH.

TP is included at the end.

[bookmark: _Ref510803943]ACK/NACK padding in dynamic HARQ-ACK codebook
(Note: This section is resubmission. The issue has been briefly discussed during offline session during last meeting #92bis.)
In 3GPP RAN1 #91bis meeting, regarding TB and CBG based HARQ-ACK codebook, the following is agreed.
Agreements:
· Generate 2 HARQ-ACK sub-codebooks (sub-CBs) 
· First sub-CB is for transmissions with TB-based HARQ-ACK, second sub-CB is for transmissions with CBG-based HARQ-ACK
· The sub-CBs are combined in a single HARQ-ACK codebook (sub-CB for TB-based HARQ-ACK is placed first)

The agreement says that in the case when both CBG-based and TB-based transmissions are scheduled, their ACK/NACK are combined and coded together in PUCCH. Note that, in the case of dynamic HARQ-ACK codebook configuration, gNB/UE relies on the mechanism of Counter/Total-DAI in the DL grant to resolve the ambiguity regarding the HARQ/ACK payload. Given that two separate DAI instances will be used, one for CBG-based transmission and one for TB-based transmission, HARQ/ACK payload size ambiguity will manifest itself whenever one of the DAI instance gets disrupted, leading to reduced robustness against grant-missing events. A particularly vulnerable case arises when there is only one or two TB based transmission and one or two CBG based transmissions are scheduled, in which case there is a good chance for HARQ-ACK payload size ambiguity should any grant be missed. To add a layer of protection against ACK/NACK payload size ambiguity, one design choice is to always pad the TB-based ACK-NACK bits to corresponds to at least one (or two) PDSCH(s), if UE receives CBG-based grant but no TB-based grant. The relative overhead for this scheme is small in this case: the HARQ-ACK feedback transmission anyway must carry the CBG based feedback, the additional padding bits for the 2 TBs is small in proportion.
[bookmark: _Toc506581800][bookmark: _Toc506582127][bookmark: _Toc506582149][bookmark: _Toc510530213][bookmark: _Toc510530374][bookmark: _Toc510571487][bookmark: _Toc510655941][bookmark: _Toc510686221][bookmark: _Toc510786119][bookmark: _Toc510788213][bookmark: _Toc510805183][bookmark: _Toc510805339][bookmark: _Toc510805578][bookmark: _Toc510814011][bookmark: _Toc513662148][bookmark: _Toc513662451][bookmark: _Toc513817163][bookmark: _Toc513818248][bookmark: _Toc513818592][bookmark: _Toc513818906][bookmark: _Toc513821751][bookmark: _Toc513840177]Proposal 7: When dynamic HARQ-ACK codebook is configured for a UE, and the UE received CBG-based transmission, then UE always pads two TB-based NACKs in the feedback.

[bookmark: _Ref510803949]SCell Power Saving
(Note: This section is resubmission. The issue has been briefly discussed during offline session during last meeting #92bis.)
LTE has recently introduced a new SCell state [1], distinct from activated and deactivated state. This new state allows periodic CSI of the SCell to be measured and reported, but otherwise is similar to legacy deactivated state and no data transactions are allowed and PDCCH is not monitored. The advantage is that the latency of transition into active state from this new state is reduced significantly compared to transition from deactivated state and the UE power consumption in the new state is much lower than that in active state and slightly higher than that in deactivated state. The fast state transition from low power new state to high power active state results in reduced overall UE power consumption for most traffic patterns.
Similar discussion should happen in the context of NR for SCell power saving. As discussed in several prior contributions [2][3], current UE power saving mechanism based on BWP adaptation is effective for single wideband carrier operation, but not very effective for multiple carriers. Instead, being able to put SCell into power saving state and bringing it back briskly would be more effective. The fact that LTE has introduced such a new feature is a testimony that the concepts earlier proposed in NR is in the right direction.
It has been proposed in RAN2 [4] that the BWP framework can be leveraged to implement an analogous version of LTE new SCell state for NR. New SCell state can correspond to a designated BWP with special attributes supporting low power operation. Such BWP can be called “dormant BWP” where no uplink or downlink grant is allowed, but periodic CSI reporting can continue. Signaling details, including the configuration, activation and deactivation of dormant BWP, can be discussed later after the general direction and approach is agreed as the way to support SCell power saving in NR.
SCell power consumption for the UE is a critical issue in NR especially for mmW deployment. Peak active use case aside, power consumption level can be very high even for PDCCH monitoring scenario. Enhanced microsleep with cross-slot scheduling alleviates the issue to some extent but the next step is to further tackle the duty cycle aspect by being able to quickly put SCell into low power / deactivated state when it is not needed.
[bookmark: _Toc506581802][bookmark: _Toc506582129][bookmark: _Toc506582151][bookmark: _Toc510530214][bookmark: _Toc510530386][bookmark: _Toc510571501][bookmark: _Toc510655954][bookmark: _Toc510686234][bookmark: _Toc510786133][bookmark: _Toc510788227][bookmark: _Toc510805197][bookmark: _Toc510805353][bookmark: _Toc510805591][bookmark: _Toc510814024][bookmark: _Toc513662160][bookmark: _Toc513662455][bookmark: _Toc513817164][bookmark: _Toc513818249][bookmark: _Toc513818593][bookmark: _Toc513818907][bookmark: _Toc513821752][bookmark: _Toc513840178]Proposal 8: Resume discussion on SCell low-power / deactivated state and relation to BWP in RAN1 in light of recent introduction of LTE new SCell state for power saving, and corresponding discussions in RAN2 for NR and RAN4 update on SCell activation /deactivation timeline for NR.

Conclusion
This contribution has presented issues in HARQ-ACK, CA with mixed numerology, and SCell power saving. The following observation and proposals have been made:

Observation 1: Specification for cross-carrier scheduling with CIF for mixed numerology CA depends on the resolution of other issues (such as those related to cross-carrier scheduling with same numerology and self-carrier scheduling with mixed numerology CA).

Proposal 1: Support for cross-carrier scheduling with CIF for mixed numerology CA in Rel-15 can be considered only if restrictions are put in place to keep complexity and specification effort manageable
Proposal 2: The clarifications for cross-carrier scheduling in R1-1805719 “Offline summary on CA aspects” should be endorsed with some further clarifications.
Proposal 3: A separate DCI per grant is supported for cross carrier scheduling with mixed numerology CA in Rel-15.
Proposal 4: For cross carrier scheduling with mixed numerology CA, a single DCI is used to schedule the transmission of the same TB across multiple slots in slot-aggregation. The K1 timing starts from the end of the last transmission in the aggregated transmissions.
Proposal 5: Frequency-first, time-second DAI counter accumulation order is preferred for dynamic HARQ-ACK codebook.
Proposal 6: When a UE is configured with semi-static HARQ-ACK codebook, for a particular PDSCH candidate that belongs to multiple DL association sets, HARQ-ACK reporting should be done as follows: (a)  For a PUCCH that corresponds to a smaller k1 than the indicated k1 in the DL assignment, report NACK in the PUCCH, (b) For a PUCCH that corresponds to the same or larger k1 with respect to the indicated k1 in the DL assignment, report valid HARQ-ACK in the PUCCH.
Proposal 7: When dynamic HARQ-ACK codebook is configured for a UE, and the UE received CBG-based transmission, then UE always pads two TB-based NACKs in the feedback.
Proposal 8: Resume discussion on SCell low-power / deactivated state and relation to BWP in RAN1 in light of recent introduction of LTE new SCell state for power saving, and corresponding discussions in RAN2 for NR and RAN4 update on SCell activation /deactivation timeline for NR.
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Text Proposal
---- Text Proposal for 38.213 ----
[bookmark: _Toc508784694][bookmark: _Ref505248562]9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
….





A UE determines  HARQ-ACK information bits, for a total number of  HARQ-ACK information bits, of a HARQ-ACK codebook for transmission in a PUCCH according to the following pseudo-code. In the following pseudo-code, if the UE does not receive a transport block or a CBG, due to the UE not detecting a corresponding PDCCH with DCI format 1_0 or DCI format 1_1, the UE generates a NACK value for the transport block or the CBG. In the following pseudo-code, if the UE receives a transport block or a CBG for which the UE transmits HARQ-ACK in an earlier PUCCH based on the PDSCH-to-HARQ feedback timing value, the UE generates a NACK value for the transport block or the CBG. The cardinality of the set  defines a total number  of occasions for PDSCH reception or SPS PDSCH release for serving cell .
---- End of Text Proposal ----
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