Page 1



3GPP TSG RAN WG1 Meeting #95
 R1-1812960
Spokane, USA, November 12th – 16th, 2018
Agenda Item:

7.1.3.1
Source:



Samsung

Title:




Remaining Issues on PDCCH and Search Space Design
Document for:
Discussion/Decision
1 Introduction
The following were agreed and concluded in RAN1#94bis [1]. 
Conclusion:
· It is understood that the BD/CCE limit is based on the current active DL BWP

· Editor to update the spec if necessary

Agreements: 
· For cross-carrier scheduling with the same numerology between scheduling cell and scheduled cell(s) but different numerologies between scheduling cell(s), and the number of DL-CCs is up to 4 or with up to T DL-CCs where the UE reports BD capability of y >= T, the limit of BDs/CCEs per scheduling CC per slot is (the number of CCs schedulable by the scheduling CC) x (the limit of BDs/CCEs for non-CA case)
· For cross-carrier scheduling with the same numerology between scheduling cell and scheduled cell(s) but different numerologies between scheduling cell(s), and the number of DL-CCs is more than 4 and with up to T DL-CCs where the UE reports BD capability of y < T, the limit of BDs/CCEs per numerology per slot is Floor{Xi / (X0 + X1 + X2 + X3) * (Mi or Ni) * y)}, where;

· Xi (i=0, 1, 2, 3) denotes the number of DL-CCs per numerology i

· Mi and Ni denote the number of BDs and CCEs per slot specified for non-CA case for numerology i, respectively

· Discuss further offline per CC limit for the above two cases – revisit in RAN1#95

· Take into account the number of search spaces (i.e., up to 10 per BWP in RAN1 spec)

· Especially for cross-carrier scheduling.

Agreements: ( clarification based on RAN-P decision
· Update the RAN1#94 conclusion as following:

	Conclusion:

· At least fFor self-scheduling and for cross-carrier scheduling with the same numerology for all the DL serving cells and for cross-carrier scheduling with the same numerology between scheduling cell and scheduled cell(s) but different numerologies between scheduling cell(s), total number of CCEs or BDs corresponding to the remaining PDCCH candidates after PDCCH candidates are dropped based on the non-CA limit for the PCell (PSCell) and the configured PDCCH candidates for SCells is guaranteed by network to be no more than the CA limit.


This contribution considers remaining issues on PDCCH.
2 Remaining issues on PDCCH and search space
2.1 Limit of BDs/CCEs
Clarification on BD/CCE limit
In RAN1#94bis, it was concluded that the BD/CCE limit is determined based on the current active DL BWP. It should be further clarified that how to handle it for the inactive cell where there is no active DL BWP. Following options can be considered:

Option 1) The BD/CCE limit is determined based on the “active” cells

Option 2) The BD/CCE limit is determined based on the “configured” cells.




- For active cell, the BD/CCE limit is determined based on active BWP.

- For inactive cell, the BD/CCE limit is determined based on a reference BWP (e.g., BWP with lowest SCS or firstActiveDownlinkBWP-Id )

Option 3) The BD/CCE limit is determined based on the “configured” cells.

- The BD/CCE limit is determined based on a reference BWP (e.g., BWP with lowest SCS or firstActiveDownlinkBWP-Id ) (revert the previous conclusion)
We suggest to update the previous text in 38.213 regarding the BD/CCE limit based on option 1.  
Proposal 1: The BD/CCE limit is determined based on the “active” cells.
Clarification on per-CC limit
Basically, per-CC limit is only needed for PCell(or for a cell group scheduled by PCell) to determine whether overbooking or not.

For y>=T, there is no need to further consider per-CC limit since the BD/CCE limit is already defined per scheduling CC as the agreement. We do not need to consider BD/CCE limit for scheduled cells here.
For y<T, whether or not to consider per-CC limit can be decided after clarifying the overbooking rule first. Currently, overbooking is allowed only for PCell. The PDCCH candidates are dropped based on the non-CA limit and the configured BD/CCE for SCells are guaranteed to be no more than the “CA limit”. However, it is unclear that exact meaning of the “CA limit” used here. It can be interpreted as either per-SCS limit or per-CC limit for CA case. 

Option1) “CA limit” corresponds to the per-SCS limit. The overbooking of PCell is determined based on min(non-CA limit, per-SCS limit). There is no need to further introduce per-CC limit.
Option2) “CA limit” corresponds to the per-SCS limit if PCell is self-scheduling cell or the per-CC limit if PCell is cross-scheduling cell. If PCell is cross-scheduling cell, the overbooking of PCell is determined based on min(non-CA limit, per-CC limit) where per-CC limit (
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An example is given in Figure 1.

[image: image3.emf]PCell

15kHz

15kHz 15kHz 15kHz

floor(117/4) * 2 = 58

30kHz 30kHz

floor(4 * 44 * (4/6)) = 117 floor(4 * 32 * (2/6)) = 42 per-SCS limit

per-CC limit

(applied for Pcell)


Figure 1. Example of BD/CCE limit
Since 
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, option 1 is better than option 2 for PCell and vice versa for SCell in terms of scheduling flexibility. We slightly prefer option 1 to maximize the scheduling flexibility for PCell as much as possible. If option 1 is adopted, there is no need to further define per-CC limit for y<T case.
Proposal 2: The overbooking of PCell is determined based on min(non-CA limit, per-SCS limit).
2.2 PDCCH Candidates for NR-NR DC
NR-NR DC was recently agreed to be supported in Rel-15 and the specifications do not yet describe the number of PDCCH candidates or non-overlapping CCEs the UE is expected to monitor for NR-NR DC. Considering for example the case that a UE indicates a capability to monitor PDCCH candidates for 
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, the UE is expected to monitor a total of 
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 PDCCH candidates for DCI formats with different size and/or different corresponding DM-RS scrambling sequences per slot over the 
[image: image9.wmf]m

DL,

cells

N

 cells with SCS configuration 
[image: image10.wmf]m

. Then, the issue is how do the MCG and the SCG know how many PDCCH candidates (and, similar, non-overlapping CCEs) the UE is expected to monitor on their cells. 
A first approach is for the gNBs to divide 
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. This requires backhaul signaling from the MCG to the SCG and RRC signaling to the UE for the value of 
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A second approach that avoids RRC signaling to the UE is for the MCG and the SCG to exchange the values of 
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. The UE can treat all cells as if they are in a same CG for determining a number of PDCCH candidates or non-overlapping CCEs that the UE is expected to monitor on a cell with SCS configuration 
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 (note that the SCG knows 
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). At least this information seems to be currently provided from the SCG to the MCG.
An issue with the second approach is whether the SCS of the active DL BWP is used as reference for a cell. As one CG cannot know BWP switching on cells of the other CG, having the active DL BWP providing the SCS reference for a cell can be problematic. Alternative options are to use the SCS for the BWP indicated by firstActiveDownlinkBWP, or the SCS for the BWP with the smallest index, and so on – basically, to have a non-dynamically changing BWP provide the SCS reference for the cell.  

A third approach is to limit the total number of cells a UE can be configured in case of NR-NR DC in Rel-15 to no more than 4. This is of course the simplest solution but requires the restriction on the maximum number of cells that can be supported by NR-NR DC deployments in Rel-15. 

Proposal 3: Define how a UE and the MCG/SCG determine the number of PDCCH candidates and non-overlapping CCEs the UE is expected to monitor per cell in NR-NR DC.
3 Conclusion

This contribution considered remaining issues for PDCCH and search space design. Following proposals were made:
Proposal 1: The BD/CCE limit is determined based on the “active” cells.
Proposal 2: The overbooking of PCell is determined based on min(non-CA limit, per-SCS limit).

Proposal 3: Define how a UE and the MCG/SCG determine the number of PDCCH candidates and non-overlapping CCEs the UE is expected to monitor per cell in NR-NR DC.
Draft CR in a separate document is available for the corresponding proposal.
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