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1. Introduction

Even though most of the important issues for PUSCH transmission in eLAA was decided up to RAN1#85, there are a few remaining details to be decided to finalize standardization for PUSCH transmission on LAA SCell for Rel-14 LAA. In this paper, we discuss the following issues on PUSCH transmission and make suggestions to finalize them.

· 2 codewords support

· resource allocation

· CCA gap support between scheduled multiple subframes

· power spectral density restriction

· fractional symbol definition for 25us CCA

2. Discussion

2.1. 2 codewords support
Regarding 2 codewords support for PUSCH in LAA, the following was agreed as working assumption.

	· 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 current LTE standards, there are two specific functionalities regarding 2 codewords support as follows;

· codeword swapping

·   For PDSCH, codeword swap flag in DL scheduling DCI formats can indicate swapping transport block to codeword mapping dynamically

· TB disabling/enabling
·   For PDSCH, one of the two TBs can be disabled by scheduling IMCS=0 and rvidx=1. For PUSCH, one of the two TBs can be disabled by scheduling IMCS=0 and NPRB>1, or IMCS=28 and NPRB=1.

For PUSCH transmission in LAA, codeword swapping is not necessary since codeword swapping is not supported for PUSCH even in licensed band.
TB disabling/enabling should be supported for PUSCH transmission in LAA. However, details should be modified to be aligned with the decisions regarding PUSCH transmission in LAA. That is, NPRB>1 or NPRB=1 condition can be modified to NPRB>10 or NPRB=10 since minimum PRB allocation for LAA UL is 10 PRBs. Further, rvidx condition can be added to allow more flexibility to eNB scheduler in scheduling IMCS / NPRB combination since rvidx willl be also signalled in UL grant for LAA dynamically. As for the rvidx condition for TB disabling, rvidx=1 and rvidx=2 are preferred for DCI format 4A and 4B respectively since DCI format 4B supports only rvidx=0 and 2.
Proposal 1: For DCI format 4A, a transport block is disabled if either the combination of IMCS=0, NPRB>10 and rvidx=1 or the combination of IMCS=28, NPRB=10 and rvidx=1 is signalled. For DCI format 4B, a transport block is disabled if either the combination of IMCS=0, NPRB>10 and rvidx=2 or the combination of IMCS=28, NPRB=10 and rvidx=2 is signalled.
2.2. Resource allocation
Based on the email discussion on PUSCH resource allocation in LAA, applying existing UL resource allocation type 0 to the RB interlaces can be considered as the baseline while support of additional patterns for RB interlaces allocation is still under discussion. Since we don’t see essential benefits of introducing flexibility of scheduling non-consecutive RB interlaces to a UE, we think the baseline should be to reuse existing PUSCH resource allocation type 0 without modification.
It could be further discussed whether a simple non-contiguous patterns can be assigned using remaining code points for the 20MHz system BW case since there are 9 remaining code points after mapping all the 55 possible code points for consecutive allocation (including 70 PRBs). However, the decision should be based on the necessity of the additional non-contiguous allocation rather than to fill out the remaining code points. In that sense, candidate of the additional allocation may be RB interlaces (0,5), (1,6), (2,7), (3,8), (4,9). Non-contiguous allocation with larger number of PRBs may not be necessary.
Proposal 2: For DCI format 0A/0B/4A/4B, PUSCH resource allocation reuses existing UL resource allocation type 0 defined in 8.1.1 of 36.213, where [image: image1.wmf]START
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represents total number of RB interlaces in the system bandwidth, where UE may assume 70 PRBs are not scheduled. For 20MHz system bandwidth, it could be further discussed whether additional allocation with non-contiguous RB interlace indices such as (0,5), (1,6), (2,7), (3,8), (4,9) should be supported by the remaining code points of RIV.
2.3. CCA gap support between scheduled multiple subframes
During the email discussion on PUSCH multi-subframe scheduling, it was suggested allowing scheduling CCA gap between subframes scheduled via single multi-subframe DCI, that is, DCI format 0B or 4B. However, eNB scheduler may use separate DCIs to schedule gap between consecutive subframes scheduled to a UE since agreements so far already allow flexible UL grant to PUSCH timing and multiple UL grants transmission to a UE in a same subframe. Therefore, it is questionable if additional DCI overhead for UL grant is beneficial to support more flexibility in gap scheduling for multi-subframe DCIs.

Moreover, if flexible gap position between multiple subframes scheduled via single DCI is to be introduced, UE’s LBT operation for those scheduled gaps should be also defined, which may require further discussion and complexity in the specifications. Also, it should be decided what is the CCA gap length (e.g., 25us, 25us+TA or 1 symbol) between subframes and how the UE knows the CCA gap length. 
Proposal 3: CCA gap between multiple subframes scheduled via single UL grant DCI is not supported. Multiple subframes scheduled via single UL grant DCI should belong to a same MCOT so that no complex LBT behaviour need to be defined at UE side regarding multi-subframe scheduling
2.4. Power spectral density restriction
Due to the regional regulation on the unlicensed spectrum, UE’s maximum transmit power spectral density (PSD) should be restricted depending on the regional deployment. It is not desirable to put the PSD restriction up to UE’s implementation since UE implementation may be based on the different interpretation of the regulations and may lead to different UE’s power emission behaviours. Moreover, regional regulation itself can be changed in the future. Therefore, it is desirable to make UE’s maximum PSD controllable by network. In RAN4, there is an on-going discussion on MPR or A-MPR applicable to UE transmission on unlicensed spectrum [1]. If RAN4 decides to apply MPR which, for example, satisfies ETSI regulation on maximum PSD regardless of the deployment spectrum or region, there may be no issue at the moment. On the other hand, if RAN4 decides to apply A-MPR depending on the spectrum or region, there will still be a necessity of introducing network’s controllability on UE’s maximum PSD.
Proposal 4: UE’s maximum PSD should be controllable by network. The detailed method can be discussed after RAN4’s decision on the applicability of MPR/A-MPR to UE’s UL transmission on unlicensed spectrum.
2.5. Fractional symbol definition for 25us CCA
In RAN1#85, the following was agreed as for the PUSCH transmission starting timing in a UL subframe.

	Agreements:
· Transmission on UL is allowed to start at the following times in a UL subframe
· Start of DFTS-OFDM symbol 0
· Start of DFTS-OFDM symbol 1

· 25 us after start of DFTS-OFDM symbol 0

· 25 us + TA value after start of DFTS-OFDM symbol 0  
· FFS: Choose between the following options to enable the start times within the first DFTS-OFDM symbol

· Option 1: Extension of cyclic prefix of the next DFTS-OFDM symbol to occupy part of the first DFTS-OFDM symbol

· Option 2: Rate matching around the modulation symbols corresponding to the first 25 µs of DFTS-OFDM symbol 0 and also around the modulation symbols at the end of DFTS-OFDM symbol 0 corresponding to the cyclic prefix length

· FFS: Whether windowing at the beginning of the UL transmission is necessary to reduce the impact on out of band emissions.


Among two options above for the fractional DFTS-OFDM symbol to support 25us CCA within the first DFTS-OFDM symbol in a subframe, we suggest choosing option 1 due to its simplicity and potential benefits of providing more robustness due to the longer CP length.
Even though option 2 may support more number of coded bits for PUSCH transmission than option 1, the actual gain is questionable considering the signal distortion due to UE’s power transition time in real UE implementation. Even assuming ideal transmission waveform, the achievable performance gain by option 2 over option 1 looks marginal [2][3]. Also, introduction of option 2 should require new waveform definition in RAN4 and the corresponding UE implementation complexity.

Proposal 5: To generate a fractional DFTS-OFDM symbol to support 25us CCA within the first DFTS-OFDM symbol in a subframe, cyclic prefix of the next DFTS-OFDM symbol is extended
3. Conclusion
In this contribution, we discussed the remaining issues on PUSCH transmission in LAA and the followings are proposed:
Proposal 1: For DCI format 4A, a transport block is disabled if either the combination of IMCS=0, NPRB>10 and rvidx=1 or the combination of IMCS=28, NPRB=10 and rvidx=1 is signalled. For DCI format 4B, a transport block is disabled if either the combination of IMCS=0, NPRB>10 and rvidx=2 or the combination of IMCS=28, NPRB=10 and rvidx=2 is signalled.
Proposal 2: For DCI format 0A/0B/4A/4B, PUSCH resource allocation reuses existing UL resource allocation type 0 defined in 8.1.1 of 36.213, where [image: image4.wmf]START
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represents total number of RB interlaces in the system bandwidth, where UE may assume 70 PRBs are not scheduled. For 20MHz system bandwidth, it could be further discussed whether additional allocation with non-contiguous RB interlace indices such as (0,5), (1,6), (2,7), (3,8), (4,9) should be supported by the remaining code points of RIV.
Proposal 3: CCA gap between multiple subframes scheduled via single UL grant DCI is not supported. Multiple subframes scheduled via single UL grant DCI should belong to a same MCOT so that no complex LBT behaviour need to be defined at UE side regarding multi-subframe scheduling
Proposal 4: UE’s maximum PSD should be controllable by network. The detailed method can be discussed after RAN4’s decision on the applicability of MPR/A-MPR to UE’s UL transmission on unlicensed spectrum.
Proposal 5: To generate a fractional DFTS-OFDM symbol to support 25us CCA within the first DFTS-OFDM symbol in a subframe, cyclic prefix of the next DFTS-OFDM symbol is extended
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