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[bookmark: _Ref301342314]Introduction
In RANP#70, enhanced LAA for LTE WI was approved [1] that included a task given to RAN1 to support UL specifications not including the standalone operation and dual-connectivity. For UL transmission, multi- subframe scheduling method is supported. In this contribution, we propose the multi-subframe scheduling method based on the email discussion [2].
· Previous RAN1 meeting [3]. 
	RAN1 #84b
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:
· Confirm the working assumption
· The minimum latency is 4ms between the subframe carrying the UL grant and subframe(s) of the corresponding PUSCH(s)

Agreements:
· Dynamic signaling indicates whether PUSCH in a UL subframe is transmitted from 
· Start of DFTS-OFDM symbol 0 or
· Start of DFTS-OFDM symbol 1
· FFS: Within DFTS-OFDM symbol 0
· Dynamic signaling indicates whether PUSCH in a UL subframe is transmitted up to OFDM symbol 13 or OFDM symbol 12
· Any combination of above options can be enabled by the dynamic signaling


Multi-subframe design
In the previous meeting, for multi-subframe scheduling it was agreed that DCI(s) for the multiple subframe information and/or DCI(s) for single subframe information are sent in a subframe. Therefore, UE can receive one or more subframe(s) information in a subframe. The maximum number of subframe(s) information sent in each subframe is defined as N. For example, when N is configured as 2, 2 DCIs with single subframe information or 1 DCI including 2 subframes information may be sent in each subframe. In addition, the combination of DCI(s) for the multiple subframes information and DCI(s) for single subframe information is also possible. However, if multiple DCIs are transmitted simultaneously then the computational load to decode all the combination of DCIs becomes very high. Therefore, transmission of the combination of single DCI and multiple DCI to a UE sent by the eNB should not be allowed. 
Proposal 1: [bookmark: _Ref450823571]DCI(s) for the multiple subframe information and DCI(s) for single subframe information should not be transmitted simultaneously to a UE.
[bookmark: _GoBack]In the DCI(s) for single subframe information case the UE should carry out blind decoding until N DCI(s) are successfully decoded. This computational load is equal to the legacy case when the UE decodes blindly all the candidates when the less than N DCIs are transmitted in a subframe or UE fails to decode at least one DCI due to low SINR. Therefore, maximum computational load is not different from the legacy UE process. As a result, we assume the method sending DCI(s) for single subframe information in each subframe does not require any enhancement.
Observation 1: Maximum computational load of sending DCI(s) for single subframe information in each subframe is equal to the legacy case.
With regards to the case of DCI(s) for multiple subframe information, UE should decode the N types of different size of DCIs since UE(s) are not aware of the DCI size corresponding to number of scheduled subframes. Therefore, the maximum computational load in a subframe will be proportional to N and if N is high, the maximum computational load becomes high as well. On the other hand, if DCI size is predefined or configured by higher layer, the maximum computational load does not increase compared with legacy process as same as DCI(s) for single subframe information case at the cost of lesser scheduling flexibility.. However, UL grant transmission can be distributed into the DL burst subframe when DL burst length is more than 1 subframe. Therefore, we assume the restriction of scheduling is limited.
Proposal 2: [bookmark: _Ref450823574]DCI size for multiple subframe information should be predefined or configured by higher layer for not increasing the maximum computational load at the UE.
Multi-subframe information of DCI is divided into the common information to all the scheduled subframes and subframe specific information. According to the current agreement, common information for all the scheduled subframes at least includes the carrier indicator, RB assignment, cyclic-shift for DM RS and OCC index. On the other hand, subframe specific information include the NDI. In addition, we assume the following information shown in table 1. In our consideration, the DCI consists of 32 bits of information common to all subframe and 9 bits * n (n is number of subframe information in each DCI) of subframe specific information and 16 bits CRC. For example, for n = 3, DCI size is 75 bits (32 + 9*3 + 16). This DCI size exceeds the limit of 72 bits for one CCE. Additionally, any other information may be applied for this DCI format. On the other hand, if two TB transmissions occur, then the DCI size would be larger since MCS and RV bits would double. As a result, the DCI size would exceed capability of aggregation level 1 (or possibly more) CCE(s). In such a case, the UE can skip blind decoding for DCIs with insufficient aggregation level or other solutions should be considered.
Proposal 3: [bookmark: _Ref450823600]If the DCI size exceeds capability of aggregation level 1 (or possibly more) CCE(s), UE can skip blind decoding for DCIs with insufficient aggregation level or other solutions should be considered.

Table 1 Example of DCI format for multi subframe scheduling. (TB =1)
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Conclusions
In this contribution, we provided our views on multi subframe scheduling design. We have following proposals and observation.
Proposal 1: DCI(s) for the multiple subframe information and DCI(s) for single subframe information should not be transmitted simultaneously to a UE.
Observation 1: Maximum computational load of sending DCI(s) for single subframe information in each subframe is equal to the legacy case.
Proposal 2: DCI size for multiple subframe information should be predefined or configured by higher layer for not increasing the maximum computational load at the UE.
Proposal 3: If the DCI size exceeds capability of aggregation level 1 (or possibly more) CCE(s), UE can skip blind decoding for DCIs with insufficient aggregation level or other solutions should be considered.
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Common to all subframe 32
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