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1
Introduction
In RAN1 #84bis, the following agreements were made on the design of waveforms and channels for LAA UL operation [1].

Agreement on PUSCH waveform:
· For eLAA PUSCH transmission, one interlace is the basic unit of resource allocation, which is composed of 10RBs for 20MHz

· Working assumption: the 10RBs are spaced equally in frequency domain for 20MHz

· Ex for 20MHz eLAA SCell: interlace 0 is composed of RBs 0,10,20,...,90

· Send an LS to RAN4 asking whether or not RAN4 sees issues with the working assumption. RAN1 also discussed the possibility of having unequal spacing in frequency domain for the 10-RB interlace based resource allocation – Jeongho (Intel) - R1-163703 – approved in R1-163683
· FFS the case of other system bandwidth(s)

· A UE can be assigned one or more interlaces

· The total number of RBs used for transmission should be a multiple of 2,3 and 5

· Decide one of the following alternatives:

· Alt 1: UL resource allocation type 0 is used to allocate multiple interlaces to a UE

· UL grant indicates start index and allocated number of interlaces with consecutive indices

· Alt 2: bitmap based resource allocation

· Alt 3: predefined resource allocation patterns

· FFS: excluding some UL RBs from the resource allocation
Agreement on dynamic signaling of PUSCH start and end symbol:
· 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
In this document, we discuss solutions to the various open aspects for PUSCH transmission in eLAA.

2
Discussion on PUSCH waveform
In RAN1#84bis, a working assumption was made on the PUSCH waveform to be used for eLAA to be based on an interlace design with equally spaced RBs. We now discuss some aspects of uniform vs. non-uniform allocation of RBs in frequency domain.
2.1
Uniform vs. non-uniform allocation of RBs

PAPR and CM analysis: Our analysis shows that uniform allocation of RBs has a PAPR and CM of approximately 1-2dB higher than that of equivalent allocation with contiguous RBs (SCFDMA). The difference between the two waveforms is in general a function of the number of allocated interlaces/RBs and also the spacing between all the allocated interlaces. However, for a randomly generated non-uniform RB allocation, which satisfies the bandwidth occupancy constraints, we observe that the PAPR and CM is at least 2dB higher than the uniform RB allocation. 
Inter-modulation distortion and out of band interference: We observe that the uniform RB allocation results in a peakier IMD compared to a non-uniform RB allocation. The difference between the two approaches is generally a function of the actual RB allocation and the pattern of non-uniform allocated RBs. However, we note that, even with a higher IMD compared to non-uniform allocation, the uniform allocation satisfies the spectral mask that is allowed by the regulatory requirements. 
In-band interference: The uniform allocation of RBs in frequency domain also implies that third order frequency products fall within the RBs allocated to a given user. Thus, this only imposes a theoretical limit on the maximum SNR achievable by a given user without impacting the performance of users in the adjacent RBs or interlaces. On the other hand, non-uniform allocation of RBs would imply that a user’s interference due to transmitter non-linearities can fall within the allocation of another user creating near-far concerns for PUSCH reception. This is especially relevant in eLAA as tight power control may not be possible due to the need for transmitting at larger power in general for LBT considerations. 
Thus, considering the overall pros and cons of an uniform allocation of RBs, we propose to confirm this working assumption in RAN1.

Proposal

1. Confirm the working assumption on the uniform allocation of RBs in an interlace
2.2 
RB allocation for bandwidths other than 20MHz
For a 20MHz system, we proposed to have 10 interlaces of 10RBs uniformly spaced in frequency. We propose to follow a similar interlace structure for other system bandwidths
Proposal 

1. For 10MHz LAA SCell, 5 interlaces with 10RBs per interlace

2. For 15MHz LAA SCell, 

a. Option 1: 8/9 interlaces with 9/8 RBs per interlace (utilizing 72RBs in all)

b. Option 2: 5 interlaces with 15RBs per interlace

3. For 5MHz LAA SCell, 5 interlaces with 5RBs per interlace
2.3
Allowable RB and interlace allocations
According to Rel-8 LTE operation, type 0 resource allocation indicates a start interlace and the number of interlaces allocated to a given UE. We first examine the pros and cons of the various resource allocation approaches for eLAA PUSCH.
The benefit of using type 0 resource allocation is that only contiguous interlace allocations would be allowed. This has the following benefits

1. Slightly lower CM for the UL transmit waveform resulting is slightly smaller power backoff. However, we note that given at least 10 clusters of RBs for an interlace waveform with contiguous RB allocation, having non-contiguous interlaces which may have 20 or 30 clusters of RBs does not result in an appreciable increase in the CM of the transmit waveform.

2. Reduced number of bits in the UL DCI. For example, 6 bits for a type 0 allocation vs 10 bits for a bitmap based allocation.
However, it has some downsides as illustrated below.

1. When other channels such as PRACH and PUCCH (possibly in a later WI or a later release) are multiplexed along with the PUSCH, there is a significant constraint on the location of these channels. For example, PUCCH in interlace 2 and PRACH on interlace 5 would imply that the only possibly resource allocations for PUSCH on that subframe are either {0,1}, {3,4} or {6,7,8,9}. This implies that without PUCCH and PRACH resources being located on the edge interlaces, a UE cannot be allocated all the other interlaces in a subframe. This loss of scheduling flexibility could be significant depending on the number of interlaces allocated to the PUCCH and PRACH. 
Given the marginal benefits of using a type 0 resource allocation and the significant loss of scheduling flexibility it results in at least when PRACH and PUCCH resources are configured in a subframe, we propose to use bitmap based resource allocation. 
Proposal

1. Bitmap based resource allocation
2. Only RB allocations in which the number of RBs  is a multiple of 2,3 and 5 are supported. For example, for a 20MHz eLAA SCell, 7 interlace allocation shall not be supported. 

2.4
PUSCH starting location

If RAN1 agrees that the UE transmission may start in the middle of symbol 0, then RAN1 shall specify exactly how the UE generates the waveform for transmission. 

The following high level options allow the UE to start transmission from the middle of symbol 0.

1. Rate match around 25us worth of resources before DFT

2. Puncture 25us worth of resources in time domain after the IFFT

RAN1 should also specify whether UE should window the time-domain waveform before the start of transmission. 
Proposal

1. Fully specify the UE waveform generation procedure if UE needs to start transmission in the middle of symbol 0.

2.5
Fractional UL subframes

For DL LAA, initial partial subframe and several end partial subframe candidates have been proposed to enable the eNB to efficiently utilize the TxOP which has been obtained. This is feasible at the eNB, as the eNB can autonomously reconfigure transmissions to suit either a full subframe or a fractional subframe. 

For UL PUSCH transmission, in the current LTE specification, the eNB provides all the configuration for the transmission via an UL grant. The grant contains information about the MCS, RB allocation, cyclic shifts for DMRS, HARQ ID, RV ID, NDI etc. (as LAA will have async HARQ on the UL). If fractional subframes are to be used at the UE side depending on the outcome of the LBT procedure, the UE needs to autonomously reconfigure the UL transmission parameters to suit the partial subframe configuration.

In addition to the PUSCH, the UE may need to reconfigure transmissions for PUCCH, SRS, etc which may interfere with the transmissions from other UEs which may be using full subframes due to LBT being cleared at the beginning of the subframe. This creates processing (interference profiles may be different in the first and second slots) and co-existence issues at the eNB as each slot will now have to be processed independently. 

In general, we note that for the UE to support fractional subframes, at least the following needs to be specified

1. UE behaviour to autonomously modify UL grant parameters (and possibly transport block sizes)

2. New partial subframe structures need to be defined to take into account DMRS processing 
3. Co-existence of fractional subframe transmission from some UEs and full subframe transmissions from different UEs

4. Processing complexity at the eNB

Considering the significant downsides of having fractional subframes from the UE from a specification, coexistence and implementation perspective and the minimal increase in UL throughput that they may provide, we propose to not have both initial and end partial subframes for UL PUSCH transmission. 

Proposal

1. No fractional subframes for UL transmission 

3 
Conclusions

Proposal

1. Confirm the working assumption on the uniform allocation of RBs in an interlace
2. For 10MHz LAA SCell, 5 interlaces with 10RBs per interlace

3. For 15MHz LAA SCell, 

a. Option 1: 8/9 interlaces with 9/8 RBs per interlace (utilizing 72RBs in all)

b. Option 2: 5 interlaces with 15RBs per interlace

4. For 5MHz LAA SCell, 5 interlaces with 5RBs per interlace
5. Bitmap based resource allocation

6. Only RB allocations in which the number of RBs is a multiple of 2,3 and 5 are supported. For example, for a 20MHz eLAA SCell, 7 interlace allocation shall not be supported.
7. Interlace based waveform for PUSCH transmission on the uplink. Each interlace is composed of 10RBs uniformly spaced within the 100RBs of a 10/20MHz channel

8. Fully specify the UE waveform generation procedure if UE needs to start transmission in the middle of symbol 0.
9. No fractional subframes for UL transmission
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