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1 Introduction

In RAN1 #84bis meeting [1], the following agreements were achieved for multi-subframe scheduling design for LAA.

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.
In the post RAN #84bis email discussion [84b-04], the multi-subframe scheduling design was further discussed and the following was agreed [2].

Agreements:
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.
In addition, the following working assumption was also achieved:

· 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 give the views on the FFS aspects for multi-subframe scheduling design in eLAA.
2 Discussion
2.1 DCI format design
2.1.1 DCI format configuration in eLAA
To reduce the detection complexity, at any instant, UE should either detect DCI format for single-subframe (SSF) scheduling or detect DCI format for multi-subframe (MSF) scheduling. Thus the SSF scheduling or MSF scheduling is configured by RRC signalling. 
For MSF scheduling, since the size of scheduling information should always be reserved for the maximum number of scheduled subframes, i.e. N, it is preferable to make N semi-statically configured so as to reduce the control signalling overhead. 
The minimum value of N can be one. Furthermore, when N is configured to be one by higher layer signalling, DCI format for MSF scheduling can be used to schedule single subframe. When determining the maximum value of N, the DCI overhead as well as the typical MCOT duration should be taken into account. For example, the maximum value can be 4 if considering the MCOT specified in Japan. Therefore the maximum value of N can be 4. 
Proposal 1: 
· UE is configured with single subframe scheduling or multi-subframe scheduling by RRC signaling.

· In multi-subframe scheduling:

· DCI format 0’ is detected in non-MIMO mode; DCI format 4’/0’ are detected in MIMO-mode;

· The maximum number of scheduled subframes (N) is semi-statically configured.
· Nmin=1 and Nmax=4

· The actual scheduled subframes k is selected between [1,N];

2.1.2 Type A scheduling information (appearing only once in a DCI and applied to all scheduled UL subframes)
According to the agreements achieved in last meeting [1] and during the email discussion [2], the following was agreed to be type A scheduling information: Carrier indicator, Resource assignment, Cyclic shift for DM RS and OCC index, Scheduled subframes per MSF, MCS, UL TPC. 
For simple design, the number of bits for carrier indicator, cyclic shift for DM RS and OCC index, MCS, UL TPC can follow the legacy design, i.e. 0 or 3 bits for carrier indicator, 3 bits for cyclic shift for DM RS and OCC index, 5 bits for MCS indication and 2bits for UL TPC.

As for the resource allocation, the number of bits required for resource assignment is analyzed in details in a companion contribution [3] and suggested to be about 5 or 6 bits. For the number of scheduled subframes per MSF, i.e. k, since the maximum value of N is 4 and k<= N, 2 bits are sufficient to indicate k.

In addition, according to the working assumption agreed during the email discussion, the maximum number of HARQ processes is 16 for single codeword and 32 for two codewords. Furthermore, recalling the principles of handling two codewords in DL scheduling, the same HARQ process number will be applied to these two codewords. From this aspect, the same HARQ process number should also be applied to two codewords in eLAA uplink. Therefore 4 bits are enough to indicate HARQ process number. 
If HARQ process number is subframe specific information, the signaling overhead is considerable, i.e. 4*N. To reduce the control signaling overhead, HARQ process number should be type A scheduling information. In such case the HARQ process number indicated in the DCI can apply to the first scheduled subframes, and increment in each following subframe. For example, if the HARQ process number for the first scheduled subframe is 0, then the HARQ process number for the other subframes can be 1 and 2. This design would incur some scheduling constraint, but saves a lot of signaling overhead. 

2.1.3 Type B scheduling information

As discussed in the email discussion, NDI is proposed to be Type B scheduling information. The definition of NDI can be reused, that is NDI is toggled per new transmission block. Since NDI can be subframe specific information, from the aspect of full flexibility, RV should also be type B scheduling information. 2 bits are sufficient to indicate RV index 0~3. 

2.1.4 Type C scheduling information

CSI request and SRS request can be Type C scheduling information.
To ensure the CSI and SRS transmission opportunity, it is preferable to transmit them in the last scheduled subframe. But if there is blanked symbol in the last scheduled subframe in order to reserve gap UL/DL CCA procedure, the second last scheduled subframe can be for CSI reporting or SRS transmission. 

According to the above analysis, the following proposal can be achieved.

Proposal 2: the scheduling information types summarized in the following table for MSF scheduling should be supported. 
Table 1. Scheduling information types in MSF scheduling
	Type
	Scheduling information
	Number of bits
	Notes

	Type A
	Carrier indicator
	0 or 3 bits
	Reusing the current design

	
	Resource assignment
	5 or 6 bits
	Details can be found in [3].

	
	cyclic shift for DM RS and OCC index
	3 bits
	Reusing the current design

	
	Number of actually scheduled subframes, i.e. k
	2 bits
	

	
	MCS
	5 bits
	As defined in section 8.6 of [4]. 

	
	UL TPC
	2 bits
	Reuse the current design. However TPC in accumulated mode may not needed to be supported.

	
	HARQ process number
	4 bits
	Apply to the first scheduled subframe. The HARQ process number for other subframes is incremented by each subframe.

	Type B
	NDI
	1 bit
	Reuse the current design

	
	RV
	2 bits
	

	Type C
	CSI request
	2 or 3 bits
	Reuse the current design.  The subframe to convey CSI reporting can be the last or second last subframe 

	
	SRS request
	1 bit
	Reuse the current design.  The subframe to convey SRS request can be the last or second last subframe 


2.2 Scheduling timing design 
As confirmed in the last meeting [1], the minimum latency between the subframe carrying the UL grant and subframe(s) of the corresponding PUSCH(s) is 4ms.

One option is to fix the timing delay between MSF UL grant and the corresponding PUSCH(s). For example, assuming DCI format for MSF scheduling is sent in subfame n and k subframes are scheduled, then UE can determine the scheduled UL subframe is n+4, n+5, …, n+4+k-1.
Another option is the actual PUSCH transmission timing depends on the last DL subframe of MCOT which includes this PUSCH transmission. This is more suitable for inter-MCOT scheduling where DL transmission should be ensured as much as possible to provide scheduling information for UL subframes in the next MCOT. One example for inter-MCOT scheduling is depicted in Figure 1, where the first DCI indicate the multi-subframe scheduling information, and the valid PUSCH transmission timing could either be explicitly indicated or be implicitly linked to the last subframe. 
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Figure 1 inter-MCOT scheduling
According to the above analysis, two timing design should be considered for MSF scheduling for different cases. One is the fixed timing delay between the UL grant and scheduled PUSCH and the other is the actual PUSCH transmission timing depends on the last DL subframe of MCOT which includes this PUSCH transmission. For the latter case, the valid PUSCH transmission timing could either be explicitly indicated or be implicitly linked to the last subframe.
One indication to help UE differentiate these two cases should be supported. 
Proposal 3: Two cases are supported to indicate the scheduling timing of MSF scheduling
· Case1: fix the timing delay between MSF UL grant and the corresponding PUSCH
· Case2: the actual PUSCH transmission timing depends on the last DL subframe of MCOT which includes this PUSCH transmission. The valid PUSCH transmission timing could either be explicitly indicated or implicitly link to this last DL subframe. 
· One bit is needed to differentiate the above two cases.

2.3 Others
In this section, some other aspects related to multiple subframe scheduling are considered. 
2.3.1 Indication of staring/ending blanked symbol

For simple design, the indication of starting/ending blanked symbol should be informed by UL grant for MSF scheduling. 

The starting DFTS-OFDM symbol should be indicated for the first scheduled UL subframe.
The ending DFTS-OFDM symbol should also be indicated for the last scheduled UL subframe.
To support the potential requirement for blanking additional symbol(s) for the non-first scheduled subframe(s), the following can be considered: 

· Add field in UL grant to allow additionally blanking symbol(s) in one non-first scheduled subframe

Since the maximum number of scheduled UL subframe in MSF scheduling is 4, it may be unnecessary to blank OFDM symbol in each scheduled subframe to provide CCA gap for UL multiplexing. Thus we propose to give 1 chance during the MSF scheduling for different UE multiplexing. Furthermore since LBT type may be different for UL transmission within MCOT and UL transmission without MCOT, the indication of blanked symbol is needed for the first scheduled UL subframe which is outside the MCOT for LBT. One example is depicted in Figure 2. From this aspect, only one of the 3 following subframes needs this indication. Therefore 2 bits are enough to indicate which one of the 3 following subframes contain a blanked starting symbol.
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Figure 2. blanked OFDM symbols indication 
In addition, in order to achieve more UL multiplexing, another DCI can be used to indicate the extra blanking symbol in the non-first schedule subframe. One example is depicted in Figure 3. In DL subframe n, the first UL grant is used to schedule subframe n+4~n+7 for UE1 and only the first symbol of subframe n+4 is needed to be blanked. In subframe n+2, due to incoming UL traffic of UE2, eNB transmits another signalling in subframe n+2 indicate the blanked symbol in subframe n+6.
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Figure 3. Varied indication of blanked symbol for inter-TxOP scheduling
In summary, the following was proposed for the indication of staring/ending blanked symbol. 
Proposal 4: for indication of starting/ending blanked symbol in MSF scheduling
· 1 bit to indicate the starting DFTS-OFDM symbol of the first scheduled UL subframe.
· 1 bit to indicate the ending DFTS-OFDM symbol of last scheduled UL subframe.

· 2 bits to indicate the starting DFTS-OFDM symbol of one of non-first schedule subframe.
Proposal 5: Indicate the extra blanking symbol in the non-first schedule subframe by another DCI.
2.3.2 MCS indication issue when there is different amount resources for UL-SCH
According to the above analysis in section 2.1, MCS and RB allocation are type A scheduling information. However the actual amount resource for UL-SCH may not be the same for the multiple subframes for the following cases. 
· PUSCH with/without aCSI reporting 
· PUSCH with/without SRS 

· PUSCH with/without HARQ-ACK
· PUSCH with/without blanked symbols
If MCS is common for all scheduled UL subframes, the transmission efficiency will be impacted if the MCS is set according to the PUSCH with or without aCSI/SRS/HARQ-ACK/blanked symbols. Assuming the MCS in the current UL grant is determined assuming no aCSI/SRS/HARQ-ACK/blanked symbols, a higher layer configured MCS offset could be informed to the UE so as to derive the MCS for the subframe with aCSI/SRS/HARQ-ACK. This mechanism is similar to the beta-offset for UCI in case of UCI on PUSCH in the current specification.
Proposal 6: different MCS is used for subframes with/without UCI/SRS/blanked symbols during MSF scheduling.

· The MCS indication in UL grant is for PUSCH without UCI/SRS/blanked symbols. 
· A MCS offset is configured by high layer signaling to derive the MCS for PUSCH with UCI/SRS/blanked symbols.
3 Conclusions
In this contribution, the multi-subframe scheduling design for eLAA is discussed. According to the discussion, the following proposals are achieved.
Proposal 1: 

· UE is configured with single subframe scheduling or multi-subframe scheduling by RRC signaling.

· In multi-subframe scheduling:

· DCI format 0’ is detected in non-MIMO mode; DCI format 4’/0’ are detected in MIMO-mode;

· The maximum number of scheduled subframes (N) is semi-statically configured.
· Nmin=1 and Nmax=4

· The actual scheduled subframes k is selected between [1,N];
Proposal 2: the scheduling information types summarized in the following table for MSF scheduling should be supported. 

Table 1. Scheduling information types in MSF scheduling
	Type
	Scheduling information
	Number of bits
	Notes

	Type A
	Carrier indicator
	0 or 3 bits
	Reusing the current design

	
	Resource assignment
	5 or 6 bits
	Details can be found in [3].

	
	cyclic shift for DM RS and OCC index
	3 bits
	Reusing the current design

	
	Number of actually scheduled subframes, i.e. k
	2 bits
	

	
	MCS
	5 bits
	As defined in section 8.6 of [4]. 

	
	UL TPC
	2 bits
	Reuse the current design. However TPC in accumulated mode may not needed to be supported.

	
	HARQ process number
	4 bits
	Apply to the first scheduled subframe. The HARQ process number for other subframes is incremented by each subframe.

	Type B
	NDI
	1 bit
	Reuse the current design

	
	RV
	2 bits
	

	Type C
	CSI request
	2 or 3 bits
	Reuse the current design.  The subframe to convey CSI reporting can be the last or second last subframe 

	
	SRS request
	1 bit
	Reuse the current design.  The subframe to convey SRS request can be the last or second last subframe 


Proposal 3: Two cases are supported to indicate the scheduling timing of MSF scheduling

· Case1: fix the timing delay between MSF UL grant and the corresponding PUSCH
· Case2: the actual PUSCH transmission timing depends on the last DL subframe of MCOT which includes this PUSCH transmission. The valid PUSCH transmission timing could either be explicitly indicated or be implicitly linked to this last DL subframe. 

· One bit is needed to differentiate the above two cases.

Proposal 4: for indication of starting/ending blanked symbol in MSF scheduling
· 1 bit to indicate the starting DFTS-OFDM symbol of the first scheduled UL subframe.
· 1 bit to indicate the ending DFTS-OFDM symbol of last scheduled UL subframe.

· 2 bits to indicate the starting DFTS-OFDM symbol of one of non-first schedule subframe.
Proposal 5: Indicate the extra blanking symbol in the non-first schedule subframe by another DCI.
Proposal 6: different MCS is used for subframes with/without UCI/SRS/blanked symbols during MSF scheduling.

· The MCS indication in UL grant is for PUSCH without UCI/SRS/blanked symbols. 

· A MCS offset is configured by high layer signaling to derive the MCS for PUSCH with UCI/SRS/blanked symbols.
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