
3GPP TSG RAN WG1 Meeting #95
R1-1812834
Spokane, USA, November 12th – 16th, 2018
Source:
OPPO
Title:
On search space of cross-carrier scheduling
Agenda Item:
7.1.3.1
Document for:
Discussion and Decision

1. Introduction

In RAN1#94 meeting, RAN1 sent a LS [1] to RAN2 to explain RAN1’s understanding on the number of PDCCH candidates in search space for cross-carrier scheduling.
RAN1 is discussing how the UE knows the number of PDCCH candidates for each scheduled cell in case of cross-carrier scheduling. RAN1’s understanding is that:

· Without ASN.1 signaling change with possible field description updates:

· Search space with ID#s configuration configured on a BWP of a scheduled cell is used to determine the number of PDCCH candidate(s) for each aggregation level monitored in a search space with ID#s of a BWP of the scheduling cell for the BWP of the scheduled cell

· Otherwise, RAN1 would like to know whether it is possible to realize previous RAN1 conclusion by modifying the ASN.1, e.g., update of crossCarrierSchedulingConfig, PDCCH-Config, SearchSpace, etc. 

· If not possible, RAN1 will discuss further on how to handle.

In this LS, RAN1 provided a solution for the case without ASN.1 signaling change (as highlighted above). However RAN2 identified another two potential solutions during their discussions which are different from the RAN1 solution. The two solutions were introduced in the RAN2 LS for this meeting [2].

1) Solution without ASN.1 change discussed in RAN2: 

· A search space of the scheduled cell is always configured in the PDCCH-Config for each BWP of the scheduled cell. From the crossCarrierSchedulingConfig the UE knows the scheduling cell in which it has to search for the grants and assignment.

· The SearchSpace configured in the PDCCH-Config of the scheduled cell points to the CORESET ID of the CORESET that is configured in the scheduling cell. 

In this paper, we will develop an analysis on the three options, and provide a proposal for this issue.
2. Discussions

2.1. RAN1 solution in [1]
The reason why RAN2 did not accept RAN1’s solution in [1] is that, in our perspective, RAN2 assumed that the search space configurations used for providing nrofCandidates for cross-carrier scheduling must come from the active DL BWP of the scheduled cell.
In our understanding, RAN1 solution can be interpreted as belows. nrofCandidates of search space configuration with ID#s in the scheduled cell is mapped to search space configuration with ID#s. The problems include:

Question 1: Can all search space IDs configured for the active DL BWP in the scheduling cell be found in the search space configuration in the scheduled cell?
Question 2: If Yes to Question 1, Can all the search space IDs be found in the search space configuration for one DL BWP in the scheduled cell? 

Depending on the answers to the two questions, we can identify the following three scenarios:
Table 1: Definition of Scenario 1, 2 and 3

	
	Answer to Question 1
	Answer to Question 2

	Scenario 1
	Yes
	Yes

	Scenario 2
	Yes
	No

	Scenario 3
	No
	No


Scenario 1: Yes to Question 1 and 2. 

This scenario is depicted in Figure 1. In the scheduling cell, 9 search space sets are configured under 3 BWPs, i.e. search space set ID#0-8. All the 9 IDs can be found in the search space set configuration in the scheduled cell. And for each BWP in the scheduling cell, a corresponding BWP can be found in the scheduled cell which contains search space set configurations with the same IDs. In the example, BWP 1 is active in the scheduling cell which contains search space set ID#0, 1, 2. In the scheduled cell, search space set ID#0, 1, 2 are contained in BWP 2 configuation. Thus the nrofCandidates of search space set ID#0, 1, 2 in the scheduled cell can be used for search space set ID#0, 1, 2 in the scheduling cell. 
Since only nrofCandidates of search space set ID#0, 1, 2 in the scheduled cell are used, and other parameters are neglected, the solution always works no matter if BWP 2 is active in the schedled cell. Even if BWP 2 is not the active BWP, UE does not need to switch the active BWP to BWP 2 to enable the nrofCandidates mapping.
Therefore the observation is that RAN1 solution can work in Scenario 1.
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Figure 1: RAN1 solution in Scenario 1

Scenario 2: Yes to Question 1. No to Question 2. 

This scenario is depicted in Figure 2. In the scheduling cell, 9 search space sets are configured under 3 BWPs, i.e. search space set ID#0-8. All the 9 IDs can be found in the search space set configuration in the scheduled cell. But the “BWP ( search space set” mappings are different between the two cells. In this case, at least for some BWPs in the scheduling cell, a BWP containing search space set configurations with the same IDs cannot be found. In the example, BWP 1 is active in the scheduling cell which contains search space set ID#0, 1, 2. The three search space sets configurations are distributed over BWP 1, 2 and 3. 

In principle, RAN1 solution in [1] also works in this scenario. Since only nrofCandidates of search space set ID#0, 1, 2 in the scheduled cell are used, and other parameters are neglected, it is no problem that the needed search space set IDs are not contained in one BWP, e.g. contained in the active DL BWP. And the applicability of the nrofCandidates mapping is not related to if the nrofCandidates come from the active DL BWP.
Therefore the observation is that RAN1 solution can also work in Scenario 2.

However, RAN1 solution may face to “unexpected overbooking” problems in Scenario 2. gNB can manage the configuration of nrofCandidates of search space sets in each BWP in the scheduled cell in order to suppress the PDCCH overbooking. But when nrofCandidates coming from multiple BWP are mapped to one BWP, the extent of PDCCH overbooking may not be expectable. However, this issue would not make the RAN1 solution unworkable, although the efficiency of PDCCH detection is reduced.
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Figure 2: RAN1 solution in Scenario 2
Scenario 3: No to Question 1 and Question 2. 

This scenario is depicted in Figure 3. In the scheduling cell, 9 search space sets are configured under 3 BWPs, i.e. search space set ID#0-8. But some search space sets are not configured in the scheduled cell. In the example, search space set ID#2 does not exist in the any BWP configuration in the scheduled cell. In this case, the RAN1 solution in [1] cannot work.

Therefore the observation is that RAN1 solution cannot work in Scenario 3.

A simple way to solve this problem is to disable the nrofCandidates mapping for the search space IDs, i.e. using nrofCandidates configured in the active DL BWP in the scheduling cell for all Scells.
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Figure 3: RAN1 solution in Scenario 3

Observation 1: If allowing nrofCandidates configued in non-active BWPs in the scheduled cell to be used for nrofCandidates mapping, RAN1 solution in [1] can work.
· In case a search space set ID configured in the active BWP of the scheduling cell is not configured in the scheduled cell, the nrofCandidates configured in the search space set in the active BWP of the scheduling cell is used for all SCells.
2.2. RAN2 solution 1 in [2]
As we understand, RAN2 solution in [2] is similar to RAN1 solution in [1]. But the difference is that RAN2 solution may require the nrofCandidates of search space set configuration in the active DL BWP of the scheduling cell all come from the search space set configuration in the active DL BWP of the scheduled cell. This is a more rigid restriction. RAN2 solution 1 in [2] cannot work in Scenario 1, 2 and 3 in Section 2.1. In Scenario 1, for the active DL BWP in the scheduling cell (i.e. BWP 1), although nrofCandidates of search space set ID#0-2 all come from one BWP (i.e. BWP 2), BWP 2 is not the active DL BWP. 
Hence RAN2 solution in [2] can only be used in Scenario 4 as shown in Figure 4, i.e. all search space IDs configured for the active DL BWP in the scheduling cell can be found in the search space configuration for the active DL BWP in the scheduled cell. In case of Scenario 1, BWP switching is needed to transfer from Scenario 1 to Scenario 4. However, due to the BWP switching delay, BWP switching for this purpose is undesired.
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Figure 4: RAN2 solution in Scenario 4

Observation 2: RAN2 solution 1 in [2] can only work in case all search space set IDs configured for the active DL BWP in the scheduling cell can be found in the search space configuration for the active DL BWP in the scheduled cell. If the BWP containing the needed search space set IDs is not active in the scheduled cell, BWP switching is needed.
If RAN2 insist on the understanding that the search space set configurations for the nrofCandidates mapping must come from the active DL BWP in the scheduled cell, the RAN2 solution in [2] should be improved. The improved solution can be depicted in Figure 5. In this solution, a relative ID within a BWP is used for the nrofCandidates mapping. In the example, the active DL BWP in the scheduling cell is BWP 1 which contains search space set ID#0, 1, 2. The active DL BWP in the scheduling cell is BWP 2 which contains search space set ID#1, 4, 7. The two sets of IDs are different. But their relative IDs within the BWP (intra-BWP ID) are both 0, 1, 2. We can use the intra-BWP ID to perform nrofCandidates mapping. 
In the example in Figure 5, 3 search space IDs are configured respectively in the active DL BWP of the scheduling and scheduled cells. Then we can use the intra-BWP ID following the mapping in Table 2 for the nrofCandidates mapping. In this sense, nrofCandidates in search space set ID#1 in the scheduled cell will be mapped to search space set ID#0 in the scheduling cell (their intra-BWP ID are both #0). nrofCandidates in search space set ID#4 in the scheduled cell will be mapped to search space set ID#1 in the scheduling cell (their intra-BWP ID are both #1). nrofCandidates in search space set ID#7 in the scheduled cell will be mapped to search space set ID#2 in the scheduling cell (their intra-BWP ID are both #2).
Table 2: Mapping between SS set IDs and intra-BWP IDs in Figure 5

	Intra-BWP SS set ID
	SS set ID in BWP 1 of scheduling cell
	SS set ID in BWP 2 in scheduled cell

	SS set #0
	SS set #0
	SS set #1

	SS set #1
	SS set #1
	SS set #4

	SS set #2
	SS set #2
	SS set #7
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Figure 5: Improved solution based on RAN2 solution in [2]

An scenario in which the improved solution may encounter some problem is that the active BWP in the scheduled cell contains a smaller number of search space set configurations than that in the scheduling cell. As shown in Figure 6, in BWP 2 in the scheduled cell, only 2 search space sets are configured. Thus there is no search space set can be mapped to search space set ID#2 in BWP 1 in the scheduling cell. In this case, similar to discussed for RAN1 solution in Scenario 3, the nrofCandidate configured in the search space set ID#2 in the active BWP of the scheduling cell is used for all SCells.
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Figure 6: The problem of the improved solution based on RAN2 solution in [2]

Observation 3: If only nrofCandidates configued in active DL BWP in the scheduled cell can be used for nrofCandidates mapping, RAN2 solution 1 in [2] can work by using “intra-BWP IDs” instead of absolute search space set IDs.
· If the number of search space sets configured in the active BWP of the scheduled cell N is smaller than that configured in the active BWP of the scheduled cell M, the nrofCandidate configured in the search space set with intra-BWP ID ≥ (M-N) in the active BWP of the scheduling cell is used for all SCells.
2.3. RAN2 solution 2 in [2]
RAN2 solution 2 in [2] can be illustrated in Figure 7. The difference from RAN2 solution 1 is that the mapping is based on CORESET ID rather than search space set ID. However, similar problem is that the CORESET ID is unique among the BWPs. And even if a CORESET in the scheduled cell can be mapped to a CORESET in the scheduling cell by using “intra-BWP IDs”, the search space set IDs between the two CORESET can still be different. “Intra-CORESET IDs” need to be used for SS-level mapping. This makes the problem more complicated.
Furthermore, if adopting the first understanding of the RAN2 solution 2, 

· UE follows all other parameters other than nrofCandidates in a search space configured in scheduled cell, i.e., in scheduling cell UE applies the whole search space configuration of the scheduled cell.
The search space set configurations borrowed from the scheduled cell will replace some search space set configurations in the scheduling cell, which conflict with the search space set configurations self-carrier scheduling. We do not think RAN2 solution 2 is applicable.
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Figure 7: The problem of the improved solution based on RAN2 solution in [2]

Observation 4: RAN2 solution 2 in [2] is not desirable because it faces to similar problems with solution 1, but is much more complicated and may conflict with search space set configurations for self-carrier scheduling in the scheduling cell.
Based on the above analysis, our proposal is as below:
Proposal: Down-select from two options below:

· Opt.1: If RAN2 can agree to allow nrofCandidates configued in non-active BWPs in the scheduled cell to be used for nrofCandidates mapping, adopt RAN1 solution in [1].

· Opt.2: If RAN2 requires that only nrofCandidates configued in the active BWP in the scheduled cell can be used for nrofCandidates mapping, adopt RAN2 solution 1 in [2] by using “intra-BWP IDs” instead of absolute search space set IDs.

· With the selected option, if a search space set ID configured in the active BWP of the scheduling cell cannot yet be mapped to a search space set ID configured in the scheduled cell, the nrofCandidates configured in the search space set in the active BWP of the scheduling cell is used for all SCells.
3. Conclusions
Observation 1: If allowing nrofCandidates configued in non-active BWPs in the scheduled cell to be used for nrofCandidates mapping, RAN1 solution in [1] can work.
· In case a search space set ID configured in the active BWP of the scheduling cell is not configured in the scheduled cell, the nrofCandidates configured in the search space set in the active BWP of the scheduling cell is used for all SCells.
Observation 2: RAN2 solution 1 in [2] can only work in case all search space set IDs configured for the active DL BWP in the scheduling cell can be found in the search space configuration for the active DL BWP in the scheduled cell. If the BWP containing the needed search space set IDs is not active in the scheduled cell, BWP switching is needed.
Observation 3: If only nrofCandidates configued in active DL BWP in the scheduled cell can be used for nrofCandidates mapping, RAN2 solution 1 in [2] can work by using “intra-BWP IDs” instead of absolute search space set IDs.
· If the number of search space sets configured in the active BWP of the scheduled cell N is smaller than that configured in the active BWP of the scheduled cell M, the nrofCandidate configured in the search space set with intra-BWP ID ≥ (M-N) in the active BWP of the scheduling cell is used for all SCells.
Observation 4: RAN2 solution 2 in [2] is not desirable because it faces to similar problems with solution 1, but is much more complicated and may conflict with search space set configurations for self-carrier scheduling in the scheduling cell.
Proposal: Down-select from two options below:

· Opt.1: If RAN2 can agree to allow nrofCandidates configued in non-active BWPs in the scheduled cell to be used for nrofCandidates mapping, adopt RAN1 solution in [1].

· Opt.2: If RAN2 requires that only nrofCandidates configued in the active BWP in the scheduled cell can be used for nrofCandidates mapping, adopt RAN2 solution 1 in [2] by using “intra-BWP IDs” instead of absolute search space set IDs.

· With the selected option, if a search space set ID configured in the active BWP of the scheduling cell cannot yet be mapped to a search space set ID configured in the scheduled cell, the nrofCandidates configured in the search space set in the active BWP of the scheduling cell is used for all SCells.
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