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1	Introduction
At the RAN1#84 meeting, following agreements were made:
· At least RB-level multi-cluster transmission (>2) is supported for eLAA PUSCH
· FFS: Detailed design
· FFS: Support of legacy resource allocation for PUSCH
In this contribution, we provide further designs for LAA UL RB allocation. 
2	Discussion
2.1 The Regulation Requirements
In our previous contribution [1], detailed analysis of the 80% occupied channel bandwidth together with the test method was provided. For a 20 MHz bandwidth, the most left RB and the most right RB scheduled to the same UE in the same subframe must span no less than 89 () RBs. 
Together with another requirement of PSD constraint per MHz considered, several similar new waveform designs were proposed for PUSCH [2] [3]. A minimum number of one full interlace was proposed to be supported and each interlace can only be allocated to one UE. 
Concerns were raised during the meeting about the potential flexibility problem while currently LTE has the flexibility to support any number of RBs unless it is not a product of 2, 3 and 5. In this contribution, the efficiency with these new designs is further analyzed. 
2.2 Efficiency Considerations
When the number of RBs required by a UE is different from the above values, for instance, 15 RBs are required by the UE, we assume there might be three different ways for the eNB to schedule the RBs. 
The first way is to schedule 10 RBs for the UE and the UE can only send 10 RBs on the scheduled subframe and the remain 5 RBs need to wait and combine with some additional data packets received in the next coming subframes. This method will introduce additional latency and the latency could be long if no enough data packets need to be sent soon. 
The second way is to schedule 20 RBs for the UE and in that case UE needs to add some padding bits together with the existing data to occupy all 20 RBs. This method will cause a less efficient usage of both the spectrum and the UE battery. 
The third way is to schedule 10 RBs on an unlicensed carrier (same as the first way) and 5 RBs on an aggregated licensed carrier. This method may cause the licensed carriers overloaded. 
Proposal 1: it is proposed for LAA UL to support a flexible number of RBs scheduling. 
2.3 A Flexible RB Allocation Method
On top of the interlace-based RB allocation, it is proposed to support at least one partial interlace allocation to a UE and multiple UEs to share the same interlace. An example is shown in Figure 1, UE1 is allocated with 64 RBs (6 full interlaces and 1 partial interlace with 4 RBs), UE2 is allocated with 6 RBs, and totally 7 interlaces are allocated to UE1 and UE2 together. Note that multiple interlaces are allocated by following the same pattern as shown in Figure 1 of [3]. Since the first RB and the last RB of UE2 span 91 RBs so it can satisfy the 80% occupied channel bandwidth requirement. 
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[bookmark: _Ref447199108]Figure 1 example of partial interlace allocation
When there is at least one full interlace (e.g., UE1), the remaining RBs are mapped to the middle RBs first and when there is no full interlace (e.g., UE2), the RBs are mapped to the edge RBs first of the partial interlace. The RBs of an interlace can be allocated by following a predefined order as shown in Figure 2, which is to start from the middle and extend to the two sides. 
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[bookmark: _Ref443640833]Figure 2 RB allocation pattern for interlace #i
For the example in Figure 1, the remaining 4 RBs of UE1 can start from RB#i+50 and stop at RB#i+30 via RB#i+40 and RB#i+60 while the 6 RBs of UE2 can start from RB#i+70 and stop at RB#i via RB#i+20, RB#i+80, RB#i+10 and RB#i+90 in order. For UE2, it is proposed to be allocated at least 2 RBs so that it can pass the occupied channel bandwidth test without frequency hopping.  
Proposal 2: it is proposed for LAA UL to specify an RB allocation order within an interlace to map the scheduled RBs, i.e., from the middle to two side. 
[bookmark: _GoBack]UE2 with 6 RBs allocated is permitted to transmit with a maximum output power of 17.8 dBm and the above proposals are applicable for all UEs with a good SINR. When it is located in the cell edge area, this output power may be not enough and some additional output power may be expected. In that case, CDM type extension in frequency domain or Block-IFDMA with a cluster size less than 1 RB can be considered.
To support the above RB scheduling, it is proposed to introduce the information fields to the UL Grant DCI: 
· Index of starting interlace;
· Number of interlaces allocated;
· Indicator (1 bit) if the first (“0”) or the last interlace (“1”)  is partial; 
· Index of starting RB
· Number of RBs allocated.
Following the same design of “uplink resource allocation type 0” as specified in [4], to support RB scheduling with 10 interlaces and 10 RBs per interlace, 6 bits are required for interlace index and the number of interlaces together, 1 bit is required to indicate which interlace is partial and 6 bits are required for RB index and the number of RBs together. The number of total signaling bits is 13 which is same as that of the DCI format 0 RIV (resource indication value) bits. As an illustration, the signaling for the UEs in the example of Figure 1 is given in Table 1. 
[bookmark: _Ref443994904]Table 1 Signaling Example for UE1/UE2
	
	UE1
	UE2

	Interlace Index
	0
	3

	Number of interlaces
	7
	1

	Partial Interlace Indicator
	1
	0 or 1

	RB Index (within the partial interlace) 
	0 (#i+50)
	4 (#i+70)

	Number of RBs
	4
	6


Proposal 3: it is proposed for LAA UL to introduce the following information fields to the UL grant DCI
· RIV_Interlace including both index of starting interlace and the number of allocated interlaces
· An indicator of partial interlace
· RIV_RB including both index of starting RB position in the predefined order and the number of allocated RBs
3	Conclusions
According to the above analyses, we think both the UL cell throughput and the UE battery consumption can be improved by keeping the current flexibility of the number of allocated RBs. 
We propose the following to be agreed by RAN1:
Proposal 1: it is proposed for LAA UL to support a flexible number of RBs scheduling. 
Proposal 2: it is proposed for LAA UL to specify an RB allocation order within an interlace to map the scheduled RBs, i.e., from the middle to two side. 
Proposal 3: it is proposed for LAA UL to introduce the following information fields to the UL grant DCI
· RIV_Interlace including both index of starting interlace and the number of allocated interlaces
· An indicator of partial interlace
· RIV_RB including both index of starting RB position in the predefined order and the number of allocated RBs
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