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1. Introduction

In RAN #84 meeting, it was agreed to introduce UL multi-subframe scheduling in LAA as follows [1].
Agreements:
· For eLAA, flexible timing between UL grant and UL transmission is supported

· For the details of UL grant(s) for a UE in a subframe enabling PUSCH transmission for the UE in multiple subframes in LAA SCell, at least the following options are considered

· Option 1) Single UL grant in a subframe for a UE can schedule N (N(1) PUSCH transmissions for the UE in N subframes with single PUSCH per subframe
· FFS: N is consecutive or non-consecutive
· Option 2) Single UL grant in a subframe for a UE can schedule single PUSCH transmission in a single subframe while UE can receive multiple UL grants in a subframe for PUSCH transmissions in different subframes

· Option 3) Single UL grant in a subframe for a UE can enable the UE to transmit single PUSCH transmission  among one of the multiple subframes depending on UL LBT result

· FFS: Two stage grants. A common semi-persistent grant provides high level information (e.g. RB allocation, MCS etc.) and a second grant in a subframe for a UE can schedule PUSCH transmissions following options 1 and 2 for certain UL subframes.

Agreement:
· For UL transmission in eLAA Scells, flexible timing between the subframe carrying the UL grant and subframe(s) of the corresponding PUSCH(s) is supported

· Working assumption: The minimum latency is 4ms

Also, in RAN1#84bis and the following RAN1 email discussion, the followings were agreed [2][3]
Agreement:

· DCI format(s) to schedule PUSCH transmission in k<= N subframes with single TB per subframe or two TBs per subframe 

· Value(s) of N is FFS

· Value N is either semi-statically configured or hard-coded, to be further decided

· DCI format(s) will have the following scheduling information types:

· Type A: common to all the scheduled subframes (appearing only once in a DCI)

· carrier indicator, resource assignment, Cyclic shift for DM RS and OCC index

· Type B: subframe specific information (appearing N times for N subframes scheduling)

· NDI 
· FFS MCS is type A or type B
· FFS HARQ process number and redundancy version are type A or type B
· FFS details of scheduling timing indication, and whether it’s type A or type B
· FFS: Type C: applied only to one of the scheduled subframes (appearing only once in a DCI)

· CSI request, SRS request, TPC

· Note: there are maybe other information fields in DCI, to be decided later

· Note: the DCI formats here may not be a complete list, e.g., depending on discussion on resource allocation for PUSCH

Agreement:

· MSF(multi-subframe scheduling) DCI at least includes the following information (in addition to previous agreements)
· Scheduled subframes per MSF
· FFS: details of how to decide/indicate scheduled subframes
· common MCS value for all the scheduled subframes
· UL TPC per MSF
· UL TPC applies for all subframes non-cumulatively in both accumulated and absolute modes
· SRS triggering per MSF
· Starting PUSCH DFT-S-OFDM symbol
· FFS for details
· Ending PUSCH DFT-S-OFDM symbol
· FFS for details
· Subframe timing for PUSCH transmission
· FFS for details
· FFS: LBT type (e.g., 25us LBT or Cat4 LBT, CWS, etc.)
· FFS: details of signaling (e.g. joint coding to reduce the number of bits) for the above information

Working assumption:

· For LAA uplink, and for a given PUSCH TM, UE doesn’t need to detect MSF DCIs with different payload sizes for each TM.
· FFS: configurability of maximum number of subframes where a MSF DCI can schedule

· For LAA uplink with single codeword, maximum number of HARQ processes = 16 are supported

· For LAA uplink with two codewords, supportable number of HARQ processes is doubled without introducing explicit HARQ process IDs. The same principles of handling two codewords in DL scheduling are applied for UL scheduling
In this contribution, we discuss overall design of UL scheduling DCIs and further details of the UL multi-subframe scheduling for LAA.
2. Overall design of UL scheduling DCIs
For UL scheduling in LAA, we consider the following DCI formats for discussion

· DCI format 0A, for single subframe scheduling with single codeword

· DCI format 0B, for multiple subframe scheduling with single codeword

· DCI format 4A, for single subframe scheduling with two codewords

· DCI format 4B, for multiple subframe scheduling with two codewords

Even though entire list of the information fields of DCIs for LAA UL scheduling is not decided yet, we assume the followings for the moment to estimate the DCI overheads roughly:

· DCI format 0B/4B can schedule maximum 4 subframes

· 16 HARQ process IDs are supported for single codeword scheduling case

· Frequency hopping bit is not supported in LAA UL

· For DCI format 4A/4B, common MCS applies to two codewords

· For DCI format 0B/4B,

· option 1(0B_opt.1/4B_opt.1)

· HARQ process ID indication per subframe

· RV value indication per subframe

· option 2(0B_opt.2/4B_opt.2)

· HARQ process ID indication per DCI

· RV value indication per DCI

· Resource allocation by using RIV [7]

· 1 bit for Starting PUSCH DFT-S-OFDM symbol
· 1 bit for Ending PUSCH DFT-S-OFDM symbol
· 2 bits for Subframe timing for PUSCH transmission
· 3 bits LBT Type or LBT-related information

· 1 bit PRACH exclusion indication [4]

· maximum 3 bits CSI request

Then, table 1 below show the rough estimation of DCI sizes (excluding 16 bits CRC) of DCI formats 0A, 0B, 4A and 4B for 4 subframe scheduling.
Table 1. UL scheduling DCI overheads for LAA
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DCI format

Info. field notes notes notes notes notes notes notes notes

CIF (USS, in case of

cross-carrier

scheduling)

3 3 3 3 3 3 3 3

format0/1A flag 1

FH 1 ?

RA 13 6RIV 6RIV 6RIV 13 6RIV 6RIV 6RIV

MCS 5 5 5 5 10 5 5

common

for 2

CWs

5

common

for 2 CWs

NDI 1 1 4 4 2 2per CW 8

per

CW/SF

8per CW/SF

TPC 2 2 2 2 2 2 2 2

CS & OCC 3 3 3 3 3 3 3 3

UL index+DAI 2 2

CSI request (1~3 bits,

depending on CA

configuration)

3 3 3 3 3 3 3 3

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

RA type 1 1

PMI (3 or 6 bits,

depending on #APs)

6 6 6 6

scheduled SFs 2**** 2****

HARQ ID 4 12*** 4per DCI 4 12*** 4per DCI

RV 2 8per SF 2per DCI 4per CW 16

per

CW/SF

4

per

CW/DCI

starting gap 1 1per DCI 1per DCI 1per DCI 1per DCI 1per DCI

ending gap 1 1per DCI 1per DCI 1per DCI 1per DCI 1per DCI

SF timing 2 2 2 2 2 2

[LBT info.]* 3 3 3 3 3 3

[PRACH exclusion]** 1 1 1 1 1 1

SUM 36 38 55 43 47 48 74 56

4B_opt.1 4B_opt.2

                   * LBT info. may include LBT type, CWS, initial signal utilization, etc.

                   ** PRACH exclusion indicates whether RBs configured for PRACH are excluded or not from PUSCH scheduled RBs

                   *** assuming joint coding of number of scheduled SF + HARQ process IDs. So, no separate field for scheduled SFs is assumed.

                   **** Indicating number of scheduled SFs is assumed

0 0A 0B_opt.1 0B_opt.2 4 4A

From the table above, we see the following observations.
Observation 1: Payload size difference between DCI 0A and DCI 0B_opt.1 is large, which means DCI 0A and DCI 0B_opt.1 may require separate blind detection.

Observation 2: Payload size difference between DCI 0A and DCI 0B_opt.2 is relatively small, where around 5 bits padding is necessary to enable common blind detection for DCI 0A and DCI 0B_opt.2

Observation 3: Payload size difference between DCI 0A and DCI 4A, or DCI 0B and DCI 4B_opt.x is large, which means DCI 0A and DCI 4A (or DCI0B and DCI 4B_opt.x) may require separate blind detection

Considering the discussions on the construction of UL scheduling DCI for LAA so far, we think it is proper to assume different DCI sizes between SSF DCI and MSF DCI for LAA UL. Also, MSF DCI size itself should be different according to the different maximum number of schedulable subframes.
Therefore, we suggest the following.

Suggestion 1: For LAA uplink, DCI overhead for an MSF DCI is fixed for N subfame scheduling, where N is configurable by RRC 
· N value range is N_min~N_max

· Value of N_min: [1]
· Value of N_max: [4]
Then, we discuss two questions on principles for UE’s detection of MSF DCI and SSF DCI
Question 1) Whether UE should detect MSF DCI only or both MSF DCI and SSF DCI for LAA UL?
· Between two options raised during RAN1 email discussion, option 1) may be acceptable considering the majority views.

· option 1)
· Only MSF is used for uplink scheduling in LAA SCell, and eNB should use MSF for the UE even for scheduling a single subframe. eNB may configure a UE with N_max=1 for MSF if it wants to optimize only for the single subframe scheduling.

· UE can detect up to [2] MSF DCI(s) in a subframe

· FFS: handling of UL-MIMO scheduling DCI

· FFS: search space allocation

· Note) Another but similar option could be RRC configuration between SSF and MSF. Anyhow, “configured with SSF” may be equivalent with “configured with N_max=1 for MSF” in the effect.

· option 2)
· UE can be configured with MSF for UL scheduling. If a UE is configured with MSF, the UE should detect both SSF DCI and MSF DCI for UL scheduling.

· when configured with MSF, UE can detect

· up to [2] SSF DCI(s) in a subframe

· up to [2] MSF DCI(s) in a subframe

· FFS for limitation to the combinations of SSF DCI(s) and MSF DCI(s)

· FFS: handling of UL-MIMO scheduling DCI

· FFS: search space allocation

· Note) with option 2, N_min =2 (e.g., not supporting N_min=1) for MSF seems reasonable since eNB can use SSF for scheduling a single subframe.
Suggestion 2: Agree with option 1 above as working assumption
With suggestion 2 above, we don’t consider DCI format 0A/4A (SSF DCI) any more since single subframe scheduling is supported by configuring N=1 with DCI format 0B/4B (MSF DCI).
Question 2) How many times the UE should do blind detection (BD) for DCI formats 1A, 0B and 4B for LAA UL?

We consider the following options.

· option 1) UE does separate BDs for DCI 1A, DCI 0B and DCI 4B, respectively
· option 2) UE does common BD for DCI 1A and DCI 0B (design similar payload sizes for DCI 1A and DCI 0B). UE does separate BDs for DCI 1A/0B and DCI 4B

· For this option, bit widths of some of the scheduling information fields (e.g., HARQ process ID, RV, etc.) for multi-subframe scheduling should be reduced significantly

· option 3) UE does common BD for DCI 0B and DCI 4B (design similar payload sizes for DCI 0B and DCI 4B). UE does separate BDs for DCI 1A and DCI 0B/4B

· For this option, bit widths of some of the scheduling information fields for two codewords (e.g. MCS, NDI, RV, PMI, etc.) should be reduced significantly
Before discussing details on the options above, we see the following observations:

Observation 4: Assuming combination of DL self-scheduling and UL cross-carrier scheduling is supported in Rel-14 LAA, UE should support separate BDs for DCI 1A and DCI 0B.
Observation 5: In Rel-13 LTE, UE should already support separate BDs for DCI 0 and DCI 4.  
Under the observations above, option 1) above seems reasonable approach where further reduction of overall BDs is necessary.
Suggestion 3: Agree with the following as working assumption

· UE does separate BDs for DCI 1A, DCI 0B and DCI 4B (if configured with UL TM2) respectively
· The overall number of BDs for DCI 1A, DCI 0B and DCI 4B should be reduced
· FFS for details

3. Detailed design of each UL scheduling information
For overall check, the following is the summary of UL scheduling information for LAA SCell.

	Agreed to be supported by MSF DCI

· Indication per DCI

· scheduled subframes (FFS details), carrier indicator, resource assignment, Cyclic shift for DM RS and OCC index, UL TPC, SRS triggering (FFS details)

· Indication per subframe

· NDI, 

· Others

· Starting PUSCH DFT-S-OFDM symbol (FFS details), Starting PUSCH DFT-S-OFDM symbol (FFS details), Subframe timing for PUSCH transmission (FFS details)

To be discussed

· Information existing in DCI format 0

· format 0/1A flag, frequency hopping, UL index or DAI, CSI request, resource allocation type

· Information existing in DCI format 4

· PMI

· New information for LAA UL

· HARQ process ID, RV, LBT type, PRACH exclusion flag [4]

· Details for signaling of UL scheduling information


In this section, we suggest details of UL scheduling information and the method of corresponding signalling, mainly based on the RAN1 email discussion [3].

· Indication of scheduled subframes
· option 1) number of scheduled subframes

· option 2) N bit bitmap for a MSF DCI with maximum N schedulable subframes

· Discussion:

· This is related to the overall design of MSF DCI. Specifically, if HARQ process ID is indicated per scheduled subframe, option 1) will be enough. In other cases (e.g., HARQ process ID per DCI), further flexibility may need to be considered. For example, N bit bitmap may indicate actually scheduled HARQ process IDs among N consecutive HARQ process IDs instead scheduled subframes.
· Suggestion:

· For indication of scheduled subframes, discuss details including option 1 and option 2, related to the indication of HARQ process IDs
· Indication of HARQ process IDs
· option 1) indicating HARQ process ID for a single subframe and then HARQ process IDs for other subframes are derived by a given rule

· option 2) indicating HARQ process ID per scheduled subframe
· Discussion:

· If we allow scheduling only consecutive (or by any given rule) HARQ process IDs via MSF DCI as in option 2, the scheduling restriction will be too much. Let’s assume a typical case of eNB schedules many number of consecutive subframes for UL FTP traffic and retransmission is needed for some transmissions due to decoding failure or LBT failure in the typical example in figure 1 as follow (in the figure, “gX” indicates UL grant and “*” indicates retransmission). As shown in the figure, eNB may waste MSF DCI overheads in scheduling single subframe for retransmission, which can occur frequently in case of consecutive UL scheduling.
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Figure 1. Example of HARQ process scheduling

· Even in licensed carrier, initial BLER can be set 10% or larger which means at least 1 subframe out of scheduling by 2 or 3 MSF DCIs may require retransmission. Moreover, required retransmission due to LBT failure or unexpected collision is not controllable in unlicensed carrier. Therefore, we think full flexibility for HARQ process scheduling for retransmission is essential with MSF for efficient support of LAA SCell UL. It should be also noted that by joint coding of HARQ process IDs & scheduled SFs, this flexibility can be achieved with a reasonable bitwidth.
· Suggestion:

· For indication of HARQ process IDs, agree with option 2

· RV:

· option 1) indicating RV value per scheduled subframe

· option 2) indicating common RV value for all the scheduled subframes
· Suggestion:

· For RV, agree with option 1
· Starting PUSCH DFT-S-OFDM symbol
· Suggestion:

· Starting PUSCH DFT-S-OFDM symbol applies only to the first scheduled subframe [5]
· Ending PUSCH DFT-S-OFDM symbol

· Suggestion:

· Ending PUSCH DFT-S-OFDM symbol applies only to the last scheduled subframe [5]
· Subframe timing for PUSCH transmission
· Suggestion:
· Subframe timing for PUSCH transmission indicates only the first scheduled subframe timing and the timing of the other scheduled subframes are derived by an implicit rule (e.g. consecutive subframes)
· SRS triggering

· option 1) triggered SRS is transmitted in a fixed subframe among scheduled subframe (e.g., first scheduled subframe or last scheduled subframe)

· option 2) triggered SRS is transmitted in all the scheduled subframes

· option 3) subframe for SRS transmission is dynamically indicated by MSF DCI

· Suggestion

· For SRS triggering, agree with option 1 (last scheduled subframe is preferred to first scheduled subframe) [6]
· LBT type

· Suggestion:
· For LBT type, discuss further related to the channel access [5]
· Number of HARQ process IDs

· Discussion

· If maximum UL MCOT = 8 is assumed, for both self- and cross-carrier scheduling cases, 16 HARQ process IDs are enough to support UL grant(s) in a single subframe scheduling PUSCH transmissions in 8 consecutive subframes in LAA SCell continuously as illustrated in figure 2. Even for the case of introducing maximum UL MCOT larger than 8, keeping maximum number of HARQ process IDs as 16 seems reasonable to avoid excessive DCI overheads.
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Figure 2. Illustration of HARQ process scheduling
· Suggestion:
· Confirm the working assumption of maximum number of HARQ processes = 16 for LAA UL
· Detailed signalling for DCI overhead reduction 

· Discussion

· In case of indicating HARQ process ID per scheduled subframe, joint coding of number of scheduled subframes and HARQ process IDs can largely reduce the required number of bits for signaling. For this purpose, combinatorial indexing (as in best-M subband indexing in CSI feedback in LTE) can be used to indicate one of the N_harqCN_min + N_harqCN_min+1 +...+ N_harqCN_max possible combinations of number of scheduled subframes and scheduled HARQ process IDs, where scheduled HARQ process IDs are always assumed to be increasing (or decreasing) order. With this signalling approach, for example, 12 bits are required to indicate any possible combinations of HARQ IDs for 1~4 scheduled subframes among 16 HARQ IDs, indicating number of scheduled subframes at the same time.
· Suggestion:
· HARQ process IDs for scheduled subframes and number of scheduled subframes are jointly indicated by indexing N_harqCN_min + N_harqCN_min+1 +...+ N_harqCN_max possible combinations of number of scheduled subframes and scheduled HARQ process IDs, where scheduled HARQ process IDs are always assumed to be increasing (or decreasing) order, where
· N_harq: maximum number of HARQ process IDs

· N_min: minimum number of subframes which can be scheduled by MSF DCI

· N_max: maximum number of subframes which can be scheduled by MSF DCI

In addition, we suggest the followings for other information.
· Suggestion: The following scheduling information in existing DCI format 0/4 are not included in UL grants for LAA
· format 0/1A flag, frequency hopping, UL index or DAI, resource allocation type
· Suggestion: CSI request in DCI format 0 is signalled per MSF DCI
· FFS: subframe for the corresponding CSI transmission
· Suggestion: Common MCS is indicated and applied to two codewords scheduled by UL grant for UL MIMO scheduling
· Suggestion: RV is indicated separately for two codewords scheduled by UL grant for UL MIMO scheduling
· Suggestion: Inclusion or exclusion of RBs configured for PRACH transmission is indicated by UL grant [4]
4. Summary and conclusions

In this paper, we discussed overall design of UL scheduling DCIs and further details of the UL multi-subframe scheduling for LAA. The suggestions of this paper are summarized as follows.
Suggestion 1: For LAA uplink, DCI overhead for an MSF DCI is fixed for N subfame scheduling, where N is configurable by RRC 

· N value range is N_min~N_max

· Value of N_min: [1]

· Value of N_max: [4]

Suggestion 2: Agree with following as working assumption

· Only MSF is used for uplink scheduling in LAA SCell, and eNB should use MSF for the UE even for scheduling a single subframe. eNB may configure a UE with N_max=1 for MSF if it wants to optimize only for the single subframe scheduling.

· UE can detect up to [2] MSF DCI(s) in a subframe

Suggestion 3: Agree with the following as working assumption

· UE does separate BDs for DCI 1A, DCI 0B and DCI 4B (if configured with UL TM2) respectively
· The overall number of BDs for DCI 1A, DCI 0B and DCI 4B should be reduced

· FFS for details

Suggestion 4: Agree with the followings for the contents of MSF DCI

· HARQ process ID is indicated per scheduled subframe

· RV is indicated per scheduled subframe
· Starting PUSCH DFT-S-OFDM symbol applies only to the first scheduled subframe

· Ending PUSCH DFT-S-OFDM symbol applies only to the first scheduled subframe

· Subframe timing for PUSCH transmission indicates only the first scheduled subframe timing and the timing of the other scheduled subframes are derived by an implicit rule (e.g. consecutive subframes)
· For SRS triggering, corresponding SRS is transmitted in a fixed subframe among scheduled subframe (e.g., first scheduled subframe or last scheduled subframe)
· Confirm the working assumption of maximum number of HARQ processes = 16 for LAA UL

· HARQ process IDs for scheduled subframes and number of scheduled subframes are jointly indicated by indexing N_harqCN_min + N_harqCN_min+1 +...+ N_harqCN_max possible combinations of number of scheduled subframes and scheduled HARQ process IDs, where scheduled HARQ process IDs are always assumed to be increasing (or decreasing) order, where

· N_harq: maximum number of HARQ process IDs

· N_min: minimum number of subframes which can be scheduled by MSF DCI

· N_max: maximum number of subframes which can be scheduled by MSF DCI

· The following scheduling information in existing DCI format 0/4 are not included in UL grants for LAA
· format 0/1A flag, frequency hopping, UL index or DAI, resource allocation type
· CSI request in DCI format 0 is signalled per MSF DCI
· FFS: subframe for the corresponding CSI transmission
· Common MCS is indicated and applied to two codewords scheduled by UL grant for UL MIMO scheduling
· RV is indicated separately for two codewords scheduled by UL grant for UL MIMO scheduling
· Inclusion or exclusion of RBs configured for PRACH transmission is indicated by UL grant
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SSF MSF DCI

						system BW in RBs =		100

						DCI format		0				0A				0B_opt.1				0B_opt.2				4				4A				4B_opt.1				4B_opt.2

						Info. field				notes				notes				notes				notes				notes				notes				notes				notes

						CIF (USS, in case of cross-carrier scheduling)		3				3				3				3				3				3				3				3

						format0/1A flag		1

						FH		1												?

						RA		13				6		RIV		6		RIV		6		RIV		13				6		RIV		6		RIV		6		RIV

						MCS		5				5				5				5				10				5				5		common for 2 CWs		5		common for 2 CWs

						NDI		1				1				4				4				2				2		per CW		8		per CW/SF		8		per CW/SF

						TPC		2				2				2				2				2				2				2				2

						CS & OCC		3				3				3				3				3				3				3				3

						UL index+DAI		2																2

						CSI request (1~3 bits, depending on CA configuration)		3				3				3				3				3				3				3				3

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

						RA type		1																1

						PMI (3 or 6 bits, depending on #APs)																		6				6				6				6

						scheduled SFs														2		****														2		****

						HARQ ID						4				12		***		4		per DCI						4				12		***		4		per DCI

						RV						2				8		per SF		2		per DCI						4		per CW		16		per CW/SF		4		per CW/DCI

						starting gap						1				1		per DCI		1		per DCI						1		per DCI		1		per DCI		1		per DCI

						ending gap						1				1		per DCI		1		per DCI						1		per DCI		1		per DCI		1		per DCI

						SF timing						2				2				2								2				2				2

						[LBT info.]*						3				3				3								3				3				3

						[PRACH exclusion]**						1				1				1								1				1				1

						SUM		36				38				55				43				47				48				74				56

						                   * LBT info. may include LBT type, CWS, initial signal utilization, etc.
                   ** PRACH exclusion indicates whether RBs configured for PRACH are excluded or not from PUSCH scheduled RBs
                   *** assuming joint coding of number of scheduled SF + HARQ process IDs. So, no separate field for scheduled SFs is assumed.
                   **** Indicating number of scheduled SFs is assumed






