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1. Introduction

In RAN1 #85 meeting, it was agreed that UE may detect multiple UL grants which may be chosen from single subframe scheduling DCI (e.g., DCI format 0A/4A) and multi-subframe scheduling DCI (e.g., DCI format 0B/4B). For those DCI formats, there were remaining issues on blind detection (BD) adjustment and handling of potential DCI blocking as below [1].
	Agreements:

· DCI format 0A and 4A (when TM2 is configured) are default DCI formats for UL scheduling for LAA SCell

· DCI format 0A and 4A can be disabled for each LAA SCell by RRC signaling independently

· Note: It was already agreed that usage of DCI format 0B and 4B (when TM2 is configured) is configurable for each LAA SCell by RRC signaling

· A new RRC signaling pdcch-candidateAdjustment can adjust number of BDs on UE specific search space independently for each AL (CCE aggregation level) for each of the DCI formats 0A, 4A, 0B and 4B for each scheduled carrier. The applicable values for BD adjustment for each DCI format are as follows. 

·  (0, 33, 66, 100)% BD adjustment 

· Applicable to DCI Format 0A

· FFS: applicability to DCI Formats 0B and/or 4A

· (0, 33, 66, 100)% for 1st and 2nd AL  and (0, [50 or 66], 100, [150 or 200])% for 3rd to 5th AL

· Applicable to DCI Format 4B

· FFS: applicability to DCI Formats 0B and/or 4A

· Re-13 pdcch-candidateReductions applies (if configured) to the other DCIs

· If pdcch-candidateAdjustment is not configured, Re-13 pdcch-candidateReductions applies (if configured) to all the DCIs

· FFS: Special handling of potential (E)PDCCH blocking issue due to the possibility of transmitting multiple UL scheduling DCIs for a UE.


In this contribution, we discuss on the remaining issues on DCI formats for UL scheduling in LAA.
2. Discussion

2.1. BD adjustment
In LAA, DCI formats for UL scheduling may have relatively large DCI size due to additional information for LBT and/or multi-subframe scheduling. Even though entire list of the information fields of those DCI formats is not finished yet, we estimate DCI size for those DCI formats assuming the followings.
· Resource allocation with RIV [2]
· Joint coding for LBT type, PUSCH starting position, LBT priority class and CW size [3]

Table 1. UL scheduling DCI sizes for LAA
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DCI format 0 0A 0B 0B 0B 4 4A 4B 4B 4B

Info. field

CIF 3 3 3 3 3 3 3 3 3 3

format0/1A flag 1

FH 1

RA 13 6 6 6 6 13 6 6 6 6

NDI 1 1 2 3 4 2 2 4 6 8

MCS 5 5 5 5 5 10 10 10 10 10

RV 2 2 3 4 4 2 3 4

TPC 2 2 2 2 2 2 2 2 2 2

CS & OCC 3 3 3 3 3 3 3 3 3 3

UL index+DAI 2

CSI request (1~3 bits,

depending on CA

configuration)

3 3 3 3 3 3 3 3 3 3

SRS request (USS) 1 1 2 2 2 2 2 2 2 2

RA type 1 1

PMI (3 or 6 bits,

depending on #APs)

6 6 6 6 6

scheduled SFs 1 2 2 1 2 2

HARQ ID 4 4 4 4 4 4 4 4

ending gap 1 1 1 1 1 1 1 1

SF timing 4 4 4 4 4 4 4 4

LBT type & LBT

parameters.

6 6 6 6 6 6 6 6

SUM 36 41 44 47 49 45 56 57 61 64


Considering that DCI size (without CRC bits) over 56 bits have coding rate higher than 1 for AL 1, there would be not enough search space for DCI format having DCI size around 56 bits. In this perspective, since DCI format 0B, 4A and 4B can have DCI size around or more than 56 bits as shown in Table 1, the number of meaningful (E)PDCCH candidates for those DCI formats can be limited unless BD adjustment is applied. The limited number of (E)PDCCH candidates can restrict the number of UL grants for a UE in a subframe. For example, if DCI format 0B, 4A, and 4B can be transmitted with AL 8 in PDCCH region, UL grants with those DCI formats can be transmitted only up to 2 corresponding to the number of PDCCH candidates for AL 8 though maximum number of UL grants for a UE in a subframe is 4. The restriction on the number of UL grants for a UE in a subframe is not desirable especially for self-carrier scheduling where UL scheduling capability for multiple subframes in a subframe should be maximally supported. Therefore, we propose to support BD increase for high AL for DCI format 0B, 4A, and 4B. For applicable values for BD adjustment of those DCI formats, (0, 50, 100, 150)% can be considered.
Proposal #1: For DCI format 0B, 4A and 4B the following BD adjustment is applied
· (0, 33, 66, 100)% for 1st and 2nd AL and (0, 50, 100, 150)% for 3rd to 5th AL
2.2. Handling of DCI blocking

As multiple UL grants up to 4 can be transmitted for a UE in a subframe, DCI blocking between DL assignment and UL grant can be highly probable in LAA if we keep current structure of sharing same search space for DL assignment and UL grant. For example, assume that AL 8 is applied for both of DL and UL grants in PDCCH region and hence there are 2 available PDCCH candidates without BD adjustment. If eNB want to transmit 1 DL assignment and 2 UL grants for a UE, collision between DL assignment and one of UL grants is inevitable. To solve this problem, one may think of using different ALs for DL assignment and UL grant. However, since AL can be chosen according to coverage, there can be some cases where only limited number of AL is available. In this regard, search space separation between DL assignment and UL grant should be supported. As an example, search space for DL assignment and UL grant can be placed consecutively in CCE index domain.
Proposal #2: Search space for DL assignment and UL grant are separately defined.
In addition, if search space separation between DL assignment and UL grant is supported, it is unnecessary to make same DCI size between DCI format 1A and some of UL grant (e.g., DCI format 0A or DCI format 0B).

Proposal #3: DCI size of DCI formats for UL scheduling in LAA is determined independently of DCI format 1A.

3. Conclusion
In this contribution, we discussed the remaining issues on DCI formats for UL scheduling in LAA and the followings were proposed:
Proposal #1: For DCI format 0B, 4A and 4B the following BD adjustment is applied

· (0, 33, 66, 100)% for 1st and 2nd AL and (0, 50, 100, 150)% for 3rd to 5th AL
Proposal #2: Search space for DL assignment and UL grant are separately defined.
Proposal #3: DCI size of DCI formats for UL scheduling in LAA is determined independently of DCI format 1A.
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