3GPP TSG RAN WG1 #83
    


              R1-156769
Anaheim, USA, November 15 – 22, 2015
Agenda item:
6.2.3.3
Source: 
Samsung 

Title: 

Impact of LAA dynamic power control
Document for:
Discussion and Decision
1 Introduction

In RAN1 #82bits meeting, the following agreements and working assumption are made regarding transmission power for CRS and CSI-RS for DRS transmission and normal downlink data transmission.

Agreements:
· UE may assume that the transmission power for CRS and CSI-RS in the DRS is constant for RRM measurements regardless of the subframe in which the DRS is transmitted within the DMTC
Working assumption:
· UE may assume that the CRS and CSI-RS transmission has a constant power in each subframe of DL transmission burst, and the UE should not assume that the CRS and CSI-RS transmission power is the same across transmission bursts

· FFS: Whether there is any problem with AGC

· FFS: Whether there is an issue with CSI measurements due to potential mismatch in UE’s measured subframe and eNB’s understanding of the measured subframe

· FFS: How the UE identifies whether subframes belong to the same transmission burst

· Note: The following options and other potential options for such identification are not precluded.

· Such identification is left up to UE implementation.
· Such identification is provided via assistance from the eNB.
In this contribution, we discuss the remaining issues regarding the transmission power of a LAA cell. 
2 Discussions
In RAN1#82bis meeting, it was agreed that UE may assume that the transmission power for CRS and CSI-RS in the DRS is constant for RRM measurements regardless of the subframe in which the DRS is transmitted within the DMTC. One remaining issue is regarding the transmission power of CSI-RS in DRS for CSI measurement. To allow the CSI-RS in DRS for RRM is a subset of the CSI-RS in DRS for CSI to reduce overhead, the transmission power for CSI-RS in DRS for CSI measurements must be constant regardless of the subframe in which the DRS is transmitted within the DMTC. 
Proposal 1: The transmission power (EPRE) for CSI-RS in DRS for CSI measurements must be constant regardless of the subframe in which the DRS is transmitted within the DMTC. 

Power control is a key feature of LTE. For DL, semi-static power control is supported for CRS based transmission mode (TM), i.e. based on high layer configured parameter PA/PB; while for a DMRS based TM, eNB has the freedom to dynamically set the transmission power. For multi-user scheduling, different set of UEs may be scheduled in different DL subframe. Naturally, the transmission power for these DL subframes scheduling different UEs could vary.  For UL, a quick UL PC is well supported since Rel-8, i.e. the UL transmission power could change subframe by subframe following TPC command in UL grant or DCI 3/3A. The above PC could be operated on a per-subframe basis. Based on UE CSI feedback or sounding by SRS, different MCS may be indicated to the UE, and different MCS will be transformed into different DL/UL transmission power. All the above factors may cause different subframes may have different transmission power even in the same LAA burst. 
Power fluctuation is harmful to LBT operation. The channel may be determined by other devices as “idle” in some subframes while “busy” in other subframes. As shown in Figure 1, if the transmission power in a subframe is low, a few nearby nodes may only detect an interference level lower than CCA threshold hence start data transmission. However, if the transmission power in the next subframe is increased due to uncontrolled power fluctuation, the transmitting BS will cause interference to nearby nodes that already start data transmission from the previous subframe. Therefore, methods should be studied to limit the variation of transmit power over a channel occupancy time. 
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Figure 1: Problem analysis for power fluctuation 

Further, the transmission power is also fluctuated in a LTE subframe. For example, the OFDM symbols configured with ZP CSI-RS may be lower than other OFDM symbols. As a result, in the OFDM symbols with relatively low transmission power, the channel may be determined as “idle” by some other LAA devices or Wi-Fi devices, but the transmission power in other OFDM symbols is much higher, i.e. channel is busy. Such power fluctuation inside a subframe further complicates the co-existence of different devices and may aggravate hidden-terminal problem. 

Ideally, the transmission power is better kept constant in a LAA burst, just as WiFi does. However it is impractical in reality for LTE system. An alternative way is to set a limit on the range of power fluctuation.  

Observation 1: Power fluctuation in a LAA burst may aggravate hidden-terminal problem.

Proposal 2: If a constant power envelop cannot be achieved, the range of power fluctuation should be configured. 
If there is only a small amount of data or even no data in a subframe, there is no transmission power in certain OFDM symbols without CRS or CSI-RS. From above discussion on power fluctuation, it is harmful for co-existence. Certain dummy signals may be transmitted in some subcarriers to avoid dropping transmission power to 0 or much small value in certain OFDM symbols.  

Proposal 3: Dummy signal may be transmitted to avoid large power fluctuation.

ZP CSI-RS could be configured to protect NZP CSI-RS from neighbour cells and/or to serve as CSI-IM resources.  For example, if one ZP CSI-RS resource, i.e. 4 REs per PRB pair, is configured in one subframe, one subcarrier from every six subcarriers is muted in the OFDM symbol including ZP CSI-RS. Due to RE muting, an OFDM symbol with ZP CSI-RS will have less transmission power than other OFDM symbols in a subframe. Power boosting on the REs other than those occupied by ZP CSI-RS could be used to maintain constant power or reduce power fluctuation in a subframe. 
Proposal 4: Power boosting on the REs other than those occupied by ZP CSI-RS is used to reduce power fluctuation in a subframe.
3 Conclusions
In this contribution, we discuss the relation between CCA threshold and maximum transmission power, further we also discuss the impact of power fluctuation. The following observations and proposals are made,
Observation 1: Power fluctuation in a LAA burst may aggravate hidden-terminal problem.
Proposal 1: The transmission power (EPRE) for CSI-RS in DRS for CSI measurements must be constant regardless of the subframe in which the DRS is transmitted within the DMTC. 
Proposal 2: If a constant power envelop cannot be achieved, the range of power fluctuation should be configured. 
Proposal 3: Dummy signal may be transmitted to avoid large power fluctuation.
Proposal 4: Power boosting on the REs other than those occupied by ZP CSI-RS is used to reduce power fluctuation in a subframe.
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