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1. Introduction

In this contribution, remaining details on following aspects are discussed.

· SCell activation/de-activation
· Supplementary uplink
· HARQ-ACK codebook determination

In this document, we first discuss the mechanism to show our preference considering only one meeting is left. 

2. SCell Activation/De-activation 
During and after the RAN1#90bis meeting, the mechanism for SCell activation/deactivation was intensively discussed and is to be discussed. The following is the current status of the discussion.

	Proposals:

· Option #1
· NR supports Scell activation via DCI signaling

· FFS for deactivation

· FFS interactions between Scell deactivation timer and BWP timer

· Option #2:
· NR supports Scell activation/deactivation via MAC CE signalling
· Optionally, 
· BWP switching DCI to switch bandwidth part can be used to activate Scell
· FFS details

· Option #3:

· NR supports Scell activation/deactivation via MAC CE signalling only
· Email discussion/approval till 10/27 (Peter A., Qualcomm)
Update after email discussion:

· Continue discussion in RAN1#91


In Rel-10 LTE, SCell activation/de-activation via MAC CE signaling was introduced in the context of carrier aggregation. It takes 24ms to 34ms to activate SCell for data transmission. More specifically, UE must report the CQI value other than out-of-range (OOR) within 24ms (34ms). This implies that some time is required to measure RS for CSI derivation and obtain an effective CQI value. Hence, to achieve quicker SCell activation in NR, it would be necessary to reduce processing time not only for decoding MAC CE but also for measuring CSI. From signaling aspects, the DCI has an advantage over MAC CE although processing time to decode MAC CE will be also reduced in NR. We also note that, in NR, DCI is to be used for other purpose of activations such as SPS and BWP activation. Regarding CSI measurement, although reduction in processing time may depend on UE implementation, one approach is to let UE measure CSI at the same time as SCell activation is indicated or even when SCell is deactivated. In NR, periodic, semi-persistent, and aperiodic CSI-RS transmissions/measurements are supported. For example, if activation DCI includes indication of semi-persistent or aperiodic CSI-RS transmissions/measurements, UE can quickly perform CSI measurement. As for DCI type, although we don’t have strong preference, the other scheduling DCI scrambled with C-RNTI will be reused. Then, such an activation DCI may include, e.g., activation/deactivation bits for each SCell and triggering bits of CSI-RS transmission/measurement and reporting for each SCell. Nevertheless, if issues of DCI-based SCell activation/deactivation have been identified, MAC-based SCell activation/deactivation similar to LTE-Advanced should be considered while DCI-based SCell activation/deactivation should be further considered after December. 
Proposal 1: DCI-based SCell activation/deactivation should be supported unless issues are identified. Otherwise, MAC-based SCell activation/deactivation should be supported in Rel-15 and DCI-based SCell activation/deactivation should be further considered after December 2017.

Proposal 2: DCI for SCell activation/deactivation at least includes activation/deactivation bits for each SCell and bits to trigger semi-persistent/aperiodic CSI-RS transmission/measurement and CSI reporting for each SCell, if DCI-based SCell activation/deactivation is supported.
3. Supplementary uplink
In this section, we also discuss the remaining issues on supplementary uplink carrier. The following agreements made at the RAN1#90bis meeting implies that NR supports dynamic switching of PUSCH transmission on the SUL carrier and non-SUL UL carrier. 
	Agreement: 

· UE specific RRC signalling (re-)configures the location of the PUCCH, either on the SUL carrier or on a non-SUL UL carrier in a SUL band combination
· The default location of the PUSCH is the same carrier as used by PUCCH 
· UE specific RRC signalling may (de-)configure that PUSCH may be dynamically scheduled on the other (i.e. non-PUCCH) carrier in the same cell as the SUL 
· In this case, a carrier indicator field in the UL grant is used to indicate dynamically whether the PUSCH is transmitted on the PUCCH carrier or on the other carrier 
· Note: Simultaneous PUSCH transmission on the SUL carrier and non-SUL UL carrier is not supported according to existing RAN2 agreement

· FFS in DCI discussion whether the SUL CIF is always present 

· There is one active BWP on the SUL carrier and one active BWP on the non-SUL UL carrier
· SRS related RRC parameters are independently configured for SRS on the SUL carrier and SRS on the non-SUL UL carrier in the SUL band combination

· SRS can be configured on the SUL carrier and non-SUL UL carrier, irrespective of the carrier configuration for PUSCH and PUCCH


Here, we provide our views on the scheduling mechanism for the SUL which has an impact on the specification. 
To support supplementary UL (SUL), a new specification support would be needed. For example, UL transmit power control (TPC) should be modified since there is no DL in the SUL carrier and path-loss can’t be measured. If supplementary UL is co-located with NR carrier, specification impact can be minimized. For UL TPC, frequency-band combination dependent path-loss offset could be introduced. However, if SUL is not co-located with NR carrier, a lot of issues need to be solved. For UL TPC, the path loss measurement/compensation for UL power control would be more complicated. Also, how to configure SUL without DL measurement is not clear. Hence, we propose the following.

Proposal 3: SUL is considered to be collocated with NR carrier having DL/UL
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Figure 1 – Usage scenario for supplementary UL 
There are several open issues on the SUL. We provide our views on those open issues briefly.

· Whether SUL has the same cell ID as the associated DL 
The same cell ID as the associated DL can be used for the SUL unless significant issue is identified. However, if cross-carrier scheduling is applied to the SUL as described below, a sort of cell index for scheduling purpose needs to be allocated to SUL. 
· Whether SUL can be PCell and/or SCell
As agreed, the SUL can be used from the beginning of random access procedure during initial access. In that sense, the SUL can be the PCell. Then, the SUL can be further used as the SCell in the context of UL CA as long as scheduling mechanism from one DL carrier to multiple UL carriers is supported. 
· Whether all UEs support PUSCH on a different carrier from the SUL carrying UCI
This question is dependent on the functionality of UL CA. It would be preferred to reuse the UL CA mechanism as much as possible.

· Which combinations of DL/UL SCSs are supported
We don’t have a strong view on the combinations. However, subcarrier spacings that have been assumed in RAN1/4 should be reused. No special handling of combinations of the DL/UL SCSs is expected for the SUL.
Proposal 4: When the SUL is used in the context of the carrier aggregation, NR UL CA mechanism should be reused as much as possible.
As shown above, new specification support, e.g., scheduling UL data on different carriers from the same DL carrier, will be necessary to utilize the SUL. Below, we provide further details on those aspects.

During initial access, it was agreed that SUL can be also used for random access procedure where UE can select either SUL or UL carrier in paired or unpaired spectrum for RACH preamble transmission. Then, the RACH procedure is completed with all uplink transmission taking place on the selected UL carrier. That means a DL carrier (e.g., for messages 2/4) is associated with multiple UL carriers, which may have some impact on the specification. For example, the same RA-RNTI will be used for UEs using the same time and frequency on different UL carriers. However, the same situation also happens for LTE UL carrier aggregation where different time and frequency resources of RACH preambles would be configured by NW to resolve the issue. Another simple approach is to define and configure separate CORESET for the SUL. The same approach can be used not only for scheduling the RAR but also for scheduling data. One concern to define different CORESET for SUL is the increase in the number of blind decoding attempts. Hence, if the separate CORESET is not defined due to such a concern, another approach would be configuring the CIF to indicate which UL carrier to use. However, if DL CA is not configured, setting CIF in the DL assignment always is redundant. In this case, configuration of CIF should be limited to UL grant only.
Proposal 5: For scheduling data on multiple UL carriers from the same DL carrier, select one of the followings

· Alt. 1: Define and configure separate CORESET for scheduling data for SUL

· Alt. 2: Carrier index representing SUL, e.g., reusing CIF, is configured only for the UL grant
· Discuss further whether the above index is configured for the UL grant on all the UL carriers.
4. HARQ-ACK codebook determination
On HARQ-ACK multiplexing, following agreements were made at RAN1#90bis meeting:

	Agreements:

· For NR non-CA, both semi-static and dynamic HARQ-ACK codebook are supported by configuration

· Note: the “by-configuration” is also applicable to the CA case

Agreements:

· Dynamic HARQ-ACK codebook (per PUCCH group) for the case without CBG configuration

· HARQ-ACK codebook determination based on counter DAI and total DAI

· Use LTE as starting point

· FFS details

Agreements:

·  ‘Semi-static’ HARQ-ACK codebook (per PUCCH group) is at least determined by 

· Configured number of DL Cells

· The max number of TBs based on configuration for each DL cell

· Configured number of CBGs per TB per configured DL cell

· FFS: Handling of different numerology between UL and DL

· Details FFS

· Dynamic HARQ-ACK codebook (per PUCCH group) with CBG configuration at least for one serving cell

· Details FFS

Agreements:

· For the case when the semi-static HARQ-ACK codebook with HARQ-ACK multiplexing which includes HARQ-ACK corresponding to all the CBGs (including the non-scheduled CBG(s)) is used,
· NACK is reported for all the CBGs if TB CRC check is not passed while CB CRC check is passed for all the CBs
· NACK is mapped for the empty CBG index if the number of CBs for a TB is smaller than the configured maximum number of CBGs
Agreements:

· When UE is configured with CBG based retransmission, for the PDSCH scheduled by PDCCH using fallback DCI, TB level HARQ-ACK feedback is used at least for the case without HARQ-ACK multiplexing
· FFS whether this operation is applied even for the case with HARQ-ACK multiplexing
· Note: this means that fallback DCI does not support CBG level HARQ-ACK feedback


In the following, we provide unified solution for HARQ-ACK multiplexing on one channel with semi-static HARQ-ACK codebook determination and dynamic HARQ-ACK codebook determination. Either works with both semi-static HARQ-ACK feedback timing determination and dynamic HARQ-ACK feedback timing determination.

Semi-static HARQ-ACK codebook determination

In general, we consider that semi-static HARQ-ACK codebook determination should simply follow LTE mechanism; association between PDSCH timing and HARQ-ACK feedback timing for the PDSCH is semi-statically configured, and no matter whether the PDSCH is actually scheduled or not, the UE generates HARQ-ACK bit for the (possible) PDSCH. No DAI fields in the DL assignment are necessary. Note that ‘fallback mechanism’ of HARQ-ACK feedback should be available; if the HARQ-ACK feedback is for one PDSCH on PCell only, PUCCH format 0 or PUCCH format 2 should be used as the ‘fallback’ PUCCH, while if it is more than 2 bits, PUCCH format 1 or PUCCH format 3/4 is used, with generating the HARQ-ACK bits for all the (possible) PDSCHs.

Apart from LTE, NR supports dynamic HARQ-ACK feedback timing. Semi-static HARQ-ACK codebook determination should be available together with the dynamic HARQ-ACK feedback timing. This can be realized by the following:

· For each PDSCH occasion, one or multiple HARQ-ACK feedback occasions are configured.

· As long as HARQ-ACK feedback occurs  at one of the HARQ-ACK feedback occasions for a PDSCH, the UE shall transmit HARQ-ACK for the PDSCH occasion.

· At a HARQ-ACK feedback occasion, the HARQ-ACK bits are ordered in time; HARQ-ACK for older PDSCH comes first in the codebook. More generally, the order is small-to-large CW number in spatial-domain, low-to-high in frequency-domain, and old-to-new in time-domain.

· It is up to gNB when to indicate the HARQ-ACK feedback. Depending on dynamic HARQ-ACK feedback timing indication, a HARQ-ACK bit for a PDSCH may be transmitted zero, one, or multiple times.
Fig. 1 illustrates an example on how UE determines HARQ-ACK codebook in the above proposal. Here, it is assumed that for any PDSCH, corresponding HARQ-ACK feedback occasions are 1, 2, 3, and 4 time unit later, where the time unit can be slot or mini-slot. HARQ-ACK feedback is assumed to be indicated in time unit #1, #4, #9, #10, and #11, due to some reasons. At each feedback timing, HARQ-ACK bits for 4 PDSCHs in -1, -2, -3, and -4 time units, are multiplexed. By this, irrespective of when the UE is required to transmit HARQ-ACK, the HARQ-ACK codebook can be constructed based on semi-static configuration. It is up to gNB scheduler whether to indicate HARQ-ACK feedback frequently or infrequently; in either case, the HARQ-ACK codebook can be determined semi-statically.

Note that HARQ-ACK timings for PDSCH are not necessarily uniform across different PDSCH occasions.
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Fig. 1
Semi-static HARQ-ACK codebook determination with dynamic HARQ-ACK feedback timing.
Proposal 6:

· If a UE is configured with semi-static HARQ-ACK codebook determination, no DAI field is present in the DCI scheduling a PDSCH.

· For semi-static HARQ-ACK codebook determination,

· One or more HARQ-ACK feedback occasions are configured for each PDSCH occasion.

· As long as the HARQ-ACK feedback occurs at one of the HARQ-ACK feedback occasions for a PDSCH occasion, the UE shall generate and transmit HARQ-ACK for the PDSCH occasion.

· At a HARQ-ACK feedback occasion, HARQ-ACK bits are ordered  in (1) spetial-domain, (2) frequency-domain, and (3) time-domain, in the codebook.

· Support HARQ-ACK transmission on “fallback” PUCCH when the HARQ-ACK feedback is only for one scheduled PDSCH on PCell.

Dynamic HARQ-ACK codebook determination

Above semi-static HARQ-ACK codebook determination can be extended to dynamic HARQ-ACK codebook determination. Counter DAI is necessary in each DL assignment to know miss detection of DL assignment over the set of DL assignments where the HARQ-ACK codebook (a.k.a HARQ-ACK bundling window) is constructed. However, UE cannot identify miss detection of the last DL assignment in the HARQ-ACK bundling window by the counter DAI. The miss detection problem of the last DL assignment for the given HARQ-ACK bundling window can be resolved by indicating different PUCCH resource for the last DL assignment; depending on whether the UE detects the last DL assignment in the HARQ-ACK bundling window, the UE transmits HARQ-ACK codebook using different PUCCH resource. 
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Fig. 1
Dynamic HARQ-ACK codebook adaptation with counter DAI.
In case of CA, counter DAI value accumulation should be over frequency and time. The miss detection of the last DL assignment is problematic further; all the following cases cannot be resolved by the counter DAI:

· The last DL assignment over the carrier for a given PDSCH occasion
· The last DL assignment over the time for a given HARQ-ACK bundling window

For the first case, the same solution for the case of non-CA is applicable; for the last DL assignment over the carrier for a given PDSCH occasion, different PUCCH resource can be assigned. However, in case of TDD where a HARQ-ACK bundling window contains multiple PDSCH occasions, large number of PUCCH resources need to be reserved. In order to resolve this, total DAI which indicates total number of HARQ-ACK bits per PDSCH occasion is useful. For the second case, same solution as in non-CA is applicable. Figure 2 illustrates the example.
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Fig. 2
Dynamic HARQ-ACK codebook adaptation with counter DAI and total DAI.
Total DAI can improve the robustness of HARQ-ACK codebook determination while increases the overhead in the DL assignments. Besides, its effectiveness depends on how many CCs are configured to the UE. Therefore, the use of total DAI should be configurable by a specific RRC parameter; not always present in case of dynamic HARQ-ACK codebook determination.

Above is the principle of how to determine the HARQ-ACK codebook in case of dynamic HARQ-ACK codebook adaptation. Besides the above, semi-static HARQ-ACK timing or dynamic HARQ-ACK timing is configured. On top of the configuration for the semi-static HARQ-ACK codebook determination explained above in this contribution, the use of counter-DAI (and total DAI) should be configurable. 
Proposal 7:

· For dynamic HARQ-ACK codebook determination,

· Counter DAI is used, and in addition, total DAI can be configured by a separate RRC parameter.

· One or more HARQ-ACK feedback occasions are configured for each PDSCH occasion.

· As long as the UE is required to transmit HARQ-ACK feedback in a HARQ-ACK feedback occasion for a PDSCH occasion, and the UE detects there is a scheduled PDSCH based on the DAI field(s), the UE generates HARQ-ACK bit for the PDSCH.

· For a given HARQ-ACK codebook, HARQ-ACK bit order is (1) spatial-domain, (2) frequency-domain, and (3) time-domain.

· Support HARQ-ACK transmission on “fallback” PUCCH when the UE has 1 or 2 HARQ-ACK bits.

5. Conclusion
In this contribution, we discussed the remaining issues on carrier aggregation and the SUL and drew the following proposals.
Proposal 1: DCI-based SCell activation/deactivation should be supported unless issues are identified. Otherwise, MAC-based SCell activation/deactivation should be supported in Rel-15 and DCI-based SCell activation/deactivation should be further considered after December 2017.

Proposal 2: DCI for SCell activation/deactivation at least includes activation/deactivation bits for each SCell and bits to trigger semi-persistent/aperiodic CSI-RS transmission/measurement and CSI reporting for each SCell, if DCI-based SCell activation/deactivation is supported.
Proposal 3: SUL is considered to be collocated with NR carrier having DL/UL

Proposal 4: When the SUL is used in the context of the carrier aggregation, NR UL CA mechanism should be reused as much as possible.
Proposal 5: For scheduling data on multiple UL carriers from the same DL carrier, select one of the followings

· Alt. 1: Define and configure separate CORESET for scheduling data for SUL

· Alt. 2: Carrier index representing SUL, e.g., reusing CIF, is configured only for the UL grant

· Discuss further whether the above index is configured for the UL grant on all the UL carriers.
Proposal 6:

· If a UE is configured with semi-static HARQ-ACK codebook determination, no DAI field is present in the DCI scheduling a PDSCH.

· For semi-static HARQ-ACK codebook determination,

· One or more HARQ-ACK feedback occasions are configured for each PDSCH occasion.

· As long as the HARQ-ACK feedback occurs at one of the HARQ-ACK feedback occasions for a PDSCH occasion, the UE shall generate and transmit HARQ-ACK for the PDSCH occasion.

· At a HARQ-ACK feedback occasion, HARQ-ACK bits are ordered  in (1) spetial-domain, (2) frequency-domain, and (3) time-domain, in the codebook.

· Support HARQ-ACK transmission on “fallback” PUCCH when the HARQ-ACK feedback is only for one scheduled PDSCH on PCell.

Proposal 7:

· For dynamic HARQ-ACK codebook determination,

· Counter DAI is used, and in addition, total DAI can be configured by a separate RRC parameter.

· One or more HARQ-ACK feedback occasions are configured for each PDSCH occasion.

· As long as the UE is required to transmit HARQ-ACK feedback in a HARQ-ACK feedback occasion for a PDSCH occasion, and the UE detects there is a scheduled PDSCH based on the DAI field(s), the UE generates HARQ-ACK bit for the PDSCH.

· For a given HARQ-ACK codebook, HARQ-ACK bit order is (1) spatial-domain, (2) frequency-domain, and (3) time-domain.

· Support HARQ-ACK transmission on “fallback” PUCCH when the UE has 1 or 2 HARQ-ACK bits.
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