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1 Introduction

This contribution discusses the channel access impact of SRS and interlaced transmission for PUSCH in eLAA.

Following are the related agreements in RAN1 #84 and the subsequent email discussions regarding SRS transmission.
Agreements:
· Aperiodic SRS transmission with PUSCH is supported in eLAA

· Enhancements of aperiodic SRS transmission and/or triggering are not precluded

· FFS: Aperiodic SRS transmission without PUSCH

Email discussion [84-15]: SRS without PUSCH in LAA
a. Whether to support aperiodic SRS without PUSCH on LAA SCell?
b. Whether to support periodic SRS without PUSCH on LAA SCell?
Following are the related agreements in RAN1 #84 regarding interlaced PUSCH transmission:
Agreements:

· At least RB-level multi-cluster transmission (>2) is supported for eLAA PUSCH

· FFS: Detailed design

· FFS: Support of legacy resource allocation for PUSCH

This contribution discusses and evaluates the channel access implications of eLAA in view of the above agreements and email discussions.
2 Discussion
2.1 SRS
In LAA, SRS can be transmitted by multiple UEs within an eNB in a time staggered manner. Further, in a typical frequency reuse scenario, it is likely that SRS transmission from UEs of neighbouring LAA eNBs would also be partially staggered in time. If this happens, the total SRS load as seen by a co-channel Wi-Fi system will not be negligible.

So, to ensure fair coexistence with Wi-Fi, if SRS transmissions are allowed with prioritized Fixed 25us LBT outside a TXOP, then the total SRS load on the channel should be clearly bounded. However, it may not be possible to put a bound on the total SRS load due to the presence of uncoordinated LAA eNBs on the same channel. In this case, SRS transmissions with prioritized Fixed 25us LBT should only be allowed inside a TXOP obtained by the eNB. 

2.1.1 Simulation results
We present simulation results and analysis to understand the impact on co-channel Wi-Fi of frequent and time staggered SRS transmissions by LAA UEs. The simulations consider an Uplink-only configuration on the 3GPP Indoor network layout described in [1]. Other assumptions are as below:

· A single 20MHz unlicensed carrier.  

· 20 UL BE flows on the non-replaced Wi-Fi. Additionally, 2 bidirectional Voice flows for non-replaced Wi-Fi.
· SRS transmissions with an approximate periodicity of 10 ms by each of the LAA UEs. 
· No transmission on the replaced Wi-Fi except control messages. This is to understand the impact of only SRS with relaxed LBT on a co-channel Wi-Fi network.
· LAA UE uses a Fixed LBT of 25us with an ED threshold of -72dBm before transmitting SRS.

· SRS transmission length is l symbol.

· Wi-Fi STAs use CWMin = 15 and CWMax = 1023 for BE.

· The simulated Buffer Occupancy of the non-replaced Wi-Fi network is varied from low to high.
· Each configuration described below is simulated over 30 seconds and 15 random seeds.

The following figure compares the UL mean UPT of Wi-Fi in a Wi-Fi + LAA network to that in a Wi-Fi + Wi-Fi network for different loads in the non-replaced Wi-Fi network.
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Figure 1: % Comparison of Wi-Fi UL mean UPT in Wi-Fi + LAA versus Wi-Fi UL mean UPT in Wi-Fi + Wi-Fi for different loads in the non-replaced Wi-Fi network

2.1.2 Observations

The above results show that there is significant impact on the non-replaced Wi-Fi network as a result of frequent time-staggered SRS transmissions with only 25 us Fixed LBT.

Observation 1: There can be significant impact on a co-channel Wi-Fi network as a result of frequent time-staggered SRS transmissions by LAA UEs with only 25 us Fixed LBT.

Proposal 1: SRS transmissions with Fixed 25us LBT shall only be allowed inside a TXOP obtained by the eNB.

2.2 Interlaced transmissions in PUSCH
For LAA PUSCH, it is proposed to allow multiple UEs to simultaneously transmit on the same channel in a frequency interlaced manner. If interlaced UL transmissions are made without scaling down the transmit power of the UE in proportion to the number of PRBs used and if all PRBs in the channel are occupied, the total power transmitted in the channel would increase in proportion to the number of interlaced UEs. If this is done without any change to the ED threshold used for UL LBT by each UE, it will harm coexistence with Wi-Fi. This is because, due to the increased total transmit power on the channel, interlaced transmissions will interfere with a much larger range than what corresponds to the UL ED threshold used by the individual UEs. 
Therefore, we propose that one of the following should be done:

a. The transmit power of each UE should be scaled down so that the total power in the channel is kept constant.
b. The ED threshold used by each UE for LBT before the UL transmission should be reduced in proportion to the total power intended to be transmitted on the channel.
Proposal 2: If LAA PUSCH allows multiple UEs to transmit simultaneously on the same channel in a frequency interlaced manner, then it shall ensure one of the following options:
a. The transmit power of each UE shall be scaled down so that the total power in the channel is kept constant.

b. The ED threshold used by each UE for LBT before the UL transmission shall be reduced in proportion to the total power intended to be transmitted on the channel.

2.3 Sounding frames and transmit power control for UL MU-MIMO in Wi-Fi 802.11ax

The following are the proposed schemes for transmission of Sounding frames and transmit power control in Wi-Fi 802.11ax. The proposals have not been finalized and are still under discussion. However, the following are some of the decisions and discussions relevant to these topics. This information is obtained from the Specification Framework for TGax updated on 17/Mar/2016 [2] and the Proposed TGax draft specification updated on 15/Jan/2016 [3].

· Transmission of a sounding frame in the uplink is only allowed within a TXOP and it is transmitted after SIFS delay of a Trigger frame from the AP that solicits the sounding. The sounding procedure is described in section 4.6 of [2]. 

· 802.11ax will allow UL MU-MIMO, i.e. enable multiple STAs to transmit simultaneously over the same frequency resource. The transmit power control procedure for such transmission is still TBD (reference: section 25.3.12.4.4 of [3]).  Also, it is to be noted that Wi-Fi transmit power on the UL is typically much less than the 23 dBm limit considered per LAA UE over a 20 MHz channel. So, the potential for additional interference caused by UL MU-MIMO is lower. 
3 Observations and Conclusions
Observation 1: There can be significant impact on a co-channel Wi-Fi network as a result of frequent time-staggered SRS transmissions by LAA UEs with only 25 us Fixed LBT.

Proposal 1: SRS transmissions with Fixed 25us LBT shall only be allowed inside a TXOP obtained by the eNB.

Proposal 2: If LAA PUSCH allows multiple UEs to transmit simultaneously on the same channel in a frequency interlaced manner, then it shall ensure one of the following options:

a. The transmit power of each UE shall be scaled down so that the total power in the channel is kept constant.

b. The ED threshold used by each UE for LBT before the UL transmission shall be reduced in proportion to the total power intended to be transmitted on the channel.
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