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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#96bis meeting [1], the following agreements were achieved:
Agreements:
· For case 1-1 scheduling (PDCCH in the beginning of the slot), when a lower SCS PDCCH schedules a higher SCS PDSCH:
· The  is determined a number of symbols based on PDCCH SCS counting from the end of the last symbol of the received PDCCH symbol to the beginning of the first symbol of the corresponding received PDSCH, quantized (using the granularity of PDSCH slot duration) to the next PDSCH slot boundary
Agreements:
Regarding PDSCH-to-HARQ-ACK minimum allowed timing under cross-carrier scheduling with different numerologies:
· Use the Rel-15 specification without changes 

Agreements:
Regarding PDCCH-to-PUSCH minimum allowed timing under cross-carrier scheduling with different numerologies:
· Use the Rel-15 specification without changes 
In this contribution, the remaining details for cross-carrier scheduling with different numerologies are further discussed.
Remaining issues
In [96b-NR-09] email discussion, the following issues and some corresponding alternatives were summarized. The following discussions are based on the summarization.
Timing 
Issue 1:  for PDCCH to PDSCH at least for lower SCS PDCCH to higher SCS PDSCH scheduling:

[bookmark: _Ref7191770]Table 1  (at least) for lower SCS PDCCH scheduling a higher SCS PDSCH
	PDCCH SCS
	15 kHz
	30 kHz
	60 kHz

	 [PDCCH symbols]
	[2-4] symbols
	[4] symbols
	[6-8] symbols



The range of  is formed with the consideration of sufficient UE processing time for PDCCH as well as PDSCH preparation. However it should be noted that this has been guaranteed when a positive  is adopted. Thus in our view the reasonable number of PDCCH symbols (Δ) should be 2, 4, 6 symbols for 15 kHz, 30 kHz and 60 kHz respectively.

Issue 2: Case 1-2 and Case 2 scheduling:
Alternatives identified in the RAN1#96bis
· For case 1-2 and case 2 scheduling, when lower SCS PDCCH scheduling a higher SCS PDSCH:
· ALT1:
· The same  and quantization to the next PDSCH slot rule as with case 1-1 scheduling is used
· ALT2:
· The same  as with case 1-1 scheduling is used without the quantization step to the next PDSCH slot boundary
· FFS if an additional offset should be added to 
· ALT3:
· A different  than with case 1-1 scheduling is used without the quantization step to the next PDSCH slot boundary

The reason for adopting quantization step is due to starting PDSCH in a slot level which can simplify the UE implementation, at the cost of latency for cross-carrier scheduling. However, if a UE indicates that it supports PDCCH scheduling for case 1-2 and case 2, it can be seen as a high-end UE. Therefore UE implementation should not be an issue in these cases. It is preferred the flexibility of scheduling and the efficiency of transmission can be more balanced in these two cases.  ALT2 should be adopted.

Issue 3: Scheduling from higher SCS PDCCH to a lower SCS PDSCH
Alternatives identified in the RAN1#96bis
· Alt1: Reuse Rel-15 specification without modifications
· Alt2: Use the same definition as with low-to-high scheduling
· Alt3: Other solutions

For the case of cross-carrier scheduling with higher SCS PDCCH and lower SCS scheduled PDSCH, no extra buffer issue exits for the UE. The scheduling timing in current specification could be reused. Alt 1 is preferred.

Proposal 1: About the timing of PDCCH to PDSCH for cross-carrier scheduling with different numerologies: 
· When lower SCS PDCCH scheduling a higher SCS PDSCH:
· For case 1-1: Δ (in PDCCH symbol) could be: 15 kHz: 2 symbols, 30 kHz: 4 symbols and 60 kHz: 6 symbols.
· For case 1-2 and case 2: The same Δ as with case 1-1 scheduling is used without the quantization step to the next PDSCH slot boundary
· When higher SCS PDCCH scheduling a lower SCS PDSCH:
· Reuse Rel-15 specification without modifications

PDCCH monitoring
In the email discussion, question on RRC configuration of PDCCH candidates was pointed out. The following related agreements were achieved and corresponding clarified examples from the summary [2] were provided.
Agreements (RAN1#95): For the agreements made in RAN1#94bis as below:
· UE uses the same ID for linkage of the search spaces configured in scheduled and scheduling cell, and ignores the CORESET ID configured in the scheduled cell
RAN1 re-confirms the agreements, with further clarification as below:
· Number of candidates configured in search-space in scheduled cell apply to the search-space of the same index in scheduling cell. 
· Note: If only one BWP is configured on scheduled cell, then number of cross-carrier search-spaces is limited to 10 instead of 40
· noOfCandidates in SS set(s) of active BWP of the scheduled cell(s) is applied to the corresponding SS set(s) of active BWP of the scheduling cell(s)
· Note: this is the original RAN1 solution and concerns of RAN2 has been addressed 

[image: ]
[bookmark: _Ref7200274]Figure 1 one implementation of search-space configuration for cross-carrier scheduling in R15
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[bookmark: _Ref7200281]Figure 2 another implementation of search-space configuration for cross-carrier scheduling in R15
There are some limitation for R15 SearchSpace (SS) configuration and SS mapping between scheduling cell and scheduled cell:
Issue 1: Limited parameters in the SearchSpace for the scheduled cell can be configured separately
According to R15 agreements, only the number of PDCCH candidates in the SearchSpace for the scheduled cell can be configured separately. Other SS parameters for the scheduled cell including PDCCH monitoring period should follow the SS parameters for the linked scheduling cell. This results in less flexibility of PDCCH monitoring control for the scheduled cell. 
In order to flexibly control the PDCCH monitoring for the scheduled cell, separate configuration of other parameters in the SS for scheduled cell is expected.
Proposal 2: Extend other SS parameters (e.g. PDCCH monitoring period) in the separately configured SearchSpace in the scheduled cell.

Issue 2: Fixed SS linkage between scheduling cell and scheduled cell
According to R15 agreements, UE uses the same ID for linkage of the search spaces configured in scheduled and scheduling cell. And the cross-carrier scheduling can only be applied when the BWPs in which the SS sets with the same ID configured are active in both scheduling cell and scheduled cell. Considering possible BWP change in scheduling cell or in scheduled cell, this fixed SS linkage makes it necessary to consider more factors when performing  SS configurations for scheduling cell and scheduled cell. Take two possible SS configuration implementations shown in Figure 1 and Figure 2 as examples. In Figure 1, when the active BWP in scheduling cell is BWP#1 and the active BWP in scheduled cell is also BWP#1, cross-carrier scheduling can be applied normally. But in case of BWP change in either scheduling cell or scheduled cell, cross-carrier scheduling cannot be applied any more since no same SS ID can be found in the active BWP(e.g. BWP#2) in scheduling cell and active BWP(e.g. BWP#1) in scheduled cell. In Figure 2, the issue of BWP change can be solved to some extent since the SS sets configuration considers all possible BWP change and keeps at least one SS ID linkage for scheduling cell and scheduled cell. However this still requires SS sets configuration (e.g. the number of SS sets) in the scheduled cell coupled with the number of BWP and the number of SS sets in the scheduling cell, which is lack of flexibility.
In order to decouple the same SS ID linkage, a preferred solution is illustrated in Figure 3, by defining a mapping between the SS set(s) in the active BWP in the scheduling cell (CC0) and the SS set(s) in the active BWP in the scheduled cell (CC1). In this way, the associated SS set configurations in respective active BWPs of scheduling and scheduled cells are linked with each other, and no restriction of the same SS ID configuration is required between cells for cross-carrier scheduling with BWP change.
	

	



[bookmark: _Ref528200625]Figure 3 Proposed solution of configuration structure of two serving cells with cross-carrier scheduling
More concretely, the BWP highlighted in yellow is active BWP in the figure. If only one SS set (#3) is configured in the active BWP in CC1 (left in the figure), each SS set in the active BWP in CC0 can map to the SS set#3 in CC1. If more than one SS set need to be configured in CC1, a simple mapping rule can be applied to find a linkage between SS sets in CC0 and CC1:
· Step 1: The SS sets are sorted within each active BWP in e.g., ascending order using the SS set ID. 
· Step 2: The j-th SS set in scheduled cell is mapped to the i-th SS set in scheduling cell, where j = i mod N. N is the number of SS sets configured in the active BWP of the scheduled cell. 
The same rule can be used in the right part of the figure, where two SS sets are configured in the active BWP (N=2). j is from 0~1 in scheduled cell while i is from 0~1 in scheduling cell. The SS set with j=0 (i.e. SS set#1 in scheduled cell) is linked with i=0 (i.e. SS set#1 in scheduling cell) and The SS set with j=1 (i.e. SS set#2 in scheduled cell) is linked with i=1 (i.e. SS set#2 in scheduling cell). If there is another SS set in active BWP in scheduling with i=2 (SS set#4, not shown in the figure), it will map to SS set with j=2 mod 2=0 (i.e. SS set#1 in scheduled cell). This mapping rule can be applied to any number of SS set configurations.
Regarding the specification impact, when calculating the CCE indexes for aggregation level  corresponding to PDCCH candidates for scheduling cell and the scheduled cell, the following (1) (2) can be used respectively replacing the  with  for SS ID:
           (1)
           (2)



where  is the SS set in the active BWP of the scheduling cell and  is the SS set in the active BWP of scheduled cell. can be any SS set in the active BWP of the scheduling cell. The SS set  maps to the SS set  according to the mapping rule described above. is the maximum of  over all configured  values for a CCE aggregation level  of search space set  which is linked to in active BWP in the cell indicated by .
Proposal 3: Flexible Search space mapping between the SS set in the active BWP in scheduling cell and the SS set in the active BWP in scheduled cell as below is supported:
· Step 1: The SS sets are sorted within each active BWP in e.g., ascending order using the SS set ID. 
· Step 2: The j-th SS set in scheduled cell is mapped to the i-th SS set in scheduling cell, where j = i mod N. N is the number of SS sets configured in the active BWP of the scheduled cell. 

Support for contiguous data transmission
The following alternatives were identified in the RAN1#96bis offline
· Alt 1: Single-slot scheduling with increased number of valid unicast DCIs per PDCCH monitoring occasion
· FFS: number of valid DCIs
· Alt 2: Single-slot scheduling and capability FG 3-5/3-5b
· Note: When deriving the number of scheduling opportunities based on the number of slots in the scheduled cell overlapping one scheduling cell slot.
· Alt 3: Multi-slot scheduling with different TB per slot  
· Alt 4: Multi-slot scheduling with one TB across multiple slots 

[bookmark: OLE_LINK69][bookmark: OLE_LINK70]For Alt 1 and Alt 2, PDCCH candidates monitoring for more valid DCIs on the scheduling cell per slot or advance UE capability is required, which will increase the DCI overhead and UE processing complexity. For both Alt 3 and Alt 4, benefit of reduced DCI overhead can be achieved. But for the scenario shown in Figure 4, 30 kHz SCS PDCCH scheduling 120 kHz SCS PDSCH in unpaired spectrum and PUCCH with HARQ feedback is only transmitted on 30 kHz SCS scheduling cell, only Alt 4 can providing full HARQ process usage for peak throughput.  
[image: ]
[bookmark: _Ref4086823]Figure 4 limited number of HARQ processes for single slot cross-carrier scheduling
In unpaired spectrum, typical slot configuration 4:1 for both scheduling cell and scheduled cell is assumed in the considered scenario. Two slots PDSCH processing time on the scheduled cell and two slots gNB PUCCH processing time on the scheduling cell are used in the evaluation. According to the simulation results in the companion contribution [3], up to 53.4% peak throughput gain can be observed for cell edge users. 
Regarding the specification impact, the companion contribution [4] provides more detailed analysis. In general, the DCI design can be the same as the DCI in Rel-15 for Alt4. If the maximum TB size for Alt 4 is not expected to be larger than current maximum TB size for single slot scheduling, limited MCS or code-rate can be used for Alt 4. If the maximum TB size for Alt 4 can be extended, the formula of Rel-15 TB size determination can be simply scaled, and no new MCS table needed. And Alt4 is naturally compatible with CBG based transmission (if configured for cell-centric UEs) and HARQ codebook design, which anyway needs considerable specification work for the completion of Alt3. In case of Alt4 only specified for cell-edge UE, the specification impact can be further mitigated by some conditions, e.g. only support limited MCS level.
Further considering the UE implementation, Alt4 may be the highest compared to Rel-15 UE design. However since this is for Rel-16, it could be considerable in order to maximize the potential benefits of cross-carrier scheduling with different SCSs. If a UE reports not support this, the network does not configure this operation.
According to above analysis, the following proposal is provided:
Proposal 4: For contiguous data transmission with cross-carrier scheduling with different numerologies, single DCI scheduling one TB across multiple slots can be supported by network configuration.

Other aspects
Cross-carrier triggering PDCCH order
In current spec, PDCCH order can only be transmitted by DCI format 1_0. Cross-carrier PDCCH order transmission is not supported due to no carrier indicator field (CIF) in DCI format 1_0. In LTE, DCI format 1A is used for the random access procedure initiated by a PDCCH order. And CIF is present within DCI format 1A when it is mapped to USS. Therefore cross-carrier triggering PDCCH order can be supported in LTE.
In CA, when serving cells configured for a UE are in multiple TAGs, PDCCH order should be transmitted for SCell in TAG different from PCell. However, before a SCell is activated, PDCCH for the SCell is not monitored for the UE. PDCCH order can only be transmitted after the SCell is activated. The latency of UL timing alignment for the SCell would be increased. If cross-carrier triggering PDCCH order can be supported, PDCCH order for a SCell being activated can be transmitted on PCell to reduce the latency of UL timing alignment for the SCell.
If the UE is configured with the CIF for a given serving cell, the UE can use the CIF value from the detected "PDCCH order" to determine the serving cell for the corresponding random access preamble transmission.”
To enable PDCCH order for a different cell, CIF in DCI format for downlink scheduling is needed. To solve this issue, the following two options can be considered:
Option 1: When DCI format 1_0 is mapping to UE-specific search space, CIF can be included to support cross-carrier triggering PDCCH order.
Option 2: To support cross-carrier triggering PDCCH order by DCI format 1_1.
To align with the common understanding that the fields in fallback DCI scrambled with same RNTI, e.g. C-RNTI, are exactly the same between CSS and USS, Option 2 is preferred. Then the following proposal is given:
Proposal 5: Cross-carrier triggering PDCCH order by DCI format 1_1 should be supported.
[bookmark: _Ref129681832]HARQ-ACK codebook
The following agreements are for HARQ-ACK codebook determination.
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:
For HARQ-ACK spatial bundling: 
Support higher layer configuration for spatial-domain bundling per PUCCH group
Bundling is per cell, and same configuration applies to all the cells
FFS whether or not to support HARQ spatial bundling in a dynamic manner
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
But it is realized that Rel-15 HARQ-ACK codebook and HARQ-ACK spatial bundling configuration are provided by pdsch-HARQ-ACK-Codebook and harq-ACK-SpatialBundlingPUCCH/harq-ACK-SpatialBundlingPUSCH per cell-group in 38.331 by PhysicalCellGroupConfig. The original agreement intended to do that is per PUCCH group, in line with the design as in LTE PUCCH-config. However the set of RRC parameters RAN1 sent to RAN2 incorrectly used cell group and RAN2 followed.  There would be a scenario for NR that different HARQ-ACK codebook types (semi-static or dynamic) or HARQ-ACK spatial bundling need to be configured for different PUCCH groups, which has already been supported in LTE. Considering efficiency of HARQ-ACK feedback in PUCCH group, the following proposal is given:
Proposal 6: Introducing RRC parameters for HARQ-ACK codebook type and HARQ-ACK spatial bundling configuration per PUCCH group.

Conclusion
According to the above discussions, we have the following proposals:
Proposal 1: About the timing of PDCCH to PDSCH for cross-carrier scheduling with different numerologies: 
· When lower SCS PDCCH scheduling a higher SCS PDSCH:
· For case 1-1: Δ (in PDCCH symbol) could be: 15 kHz: 2 symbols, 30 kHz: 4 symbols and 60 kHz: 6 symbols.
· For case 1-2 and case 2: The same Δ as with case 1-1 scheduling is used without the quantization step to the next PDSCH slot boundary
· When higher SCS PDCCH scheduling a lower SCS PDSCH:
· Reuse Rel-15 specification without modifications
[bookmark: _GoBack]Proposal 2: Extend other SS parameters (e.g. PDCCH monitoring period) in the separately configured SearchSpace in the scheduled cell.
Proposal 3: Flexible Search space mapping between the SS set in the active BWP in scheduling cell and the SS set in the active BWP in scheduled cell as below is supported:
· Step 1: The SS sets are sorted within each active BWP in e.g., ascending order using the SS set ID. 
· Step 2: The j-th SS set in scheduled cell is mapped to the i-th SS set in scheduling cell, where j = i mod N. N is the number of SS sets configured in the active BWP of the scheduled cell. 
Proposal 4: For contiguous data transmission with cross-carrier scheduling with different numerologies, single DCI scheduling one TB across multiple slots can be supported by network configuration.
Proposal 5: Cross-carrier triggering PDCCH order by DCI format 1_1 should be supported.
Proposal 6: Introducing RRC parameters for HARQ-ACK codebook type and HARQ-ACK spatial bundling configuration per PUCCH group.
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Appendix A. PhysicalCellGroupConfig
[bookmark: _Toc5285351]–	PhysicalCellGroupConfig
The IE PhysicalCellGroupConfig is used to configure cell-group specific L1 parameters.
PhysicalCellGroupConfig information element
-- ASN1START
-- TAG-PHYSICALCELLGROUPCONFIG-START

[bookmark: _Hlk515947660]PhysicalCellGroupConfig ::=         SEQUENCE {
    harq-ACK-SpatialBundlingPUCCH       ENUMERATED {true}                                               OPTIONAL,   -- Need S
    harq-ACK-SpatialBundlingPUSCH       ENUMERATED {true}                                               OPTIONAL,   -- Need S
    p-NR-FR1                            P-Max                                                           OPTIONAL,   -- Need R
    pdsch-HARQ-ACK-Codebook             ENUMERATED {semiStatic, dynamic},
    tpc-SRS-RNTI                        RNTI-Value                                                      OPTIONAL,   -- Need R
    tpc-PUCCH-RNTI                      RNTI-Value                                                      OPTIONAL,   -- Need R
    tpc-PUSCH-RNTI                      RNTI-Value                                                      OPTIONAL,   -- Need R
    sp-CSI-RNTI                         RNTI-Value                                                      OPTIONAL,   -- Need R
    cs-RNTI                             SetupRelease { RNTI-Value }                                     OPTIONAL,   -- Need M
    ...,
    [[
    mcs-C-RNTI                          RNTI-Value                                                      OPTIONAL,   -- Need R
    p-UE-FR1                            P-Max                                                           OPTIONAL    -- Cond MCG-Only
    ]],
    [[
    xScale                              ENUMERATED {dB0, dB6, spare2, spare1}                           OPTIONAL    -- Cond SCG-Only
    ]]
}

-- TAG-PHYSICALCELLGROUPCONFIG-STOP
-- ASN1STOP
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