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1 Introduction

In RAN1 #75 meeting, the following agreements and working assumption were made [1]. Some remaining issues on power control for TDD eIMTA were identified.
Agreements:

· P0 and alpha configuration for the two subframe sets is via RRC signalling
· For power control command step size, no change relative to Rel-11
· FFS PHR related issues till RAN1#76, especially regarding whether current PHR mechanism can have PHR reports for the two subframe sets
· FFS till RAN1#76, including at least the following issues:

· Application of power control commands

· Alt 1: separate power control commands only

· Alt 2: configurable between separate and joint power control commands

· TPC timing issues, if any, for configuration #0

· SRS power control related issues

Working assumption:

· The association of (P0, alpha) with a UL subframe is separately configured via RRC
· For PUCCH PC, no enhancements (including both over-the-air and backhaul enhancements) relative to Rel-11 

In this contribution, we discuss the remaining issues on power control for TDD eIMTA, including SRS power control related issues, TPC timing, PHR related issues and application of power control commands.

2 Power control for SRS
It has not been online discussed and decided yet that whether SRS can be transmitted in flexible subframes. If SRS can be located in flexible subframes, it needs to be decided whether to apply two sets of open loop power control parameters and closed loop power control accumulation also for SRS power control considering it has been agreed for PUSCH. For eIMTA, the parameters used for SRS can also be the same with the one used for PUSCH. But if there is no PUSCH in the same subframe, there is an issue on how to decide the linked PUSCH for the power control of SRS.
For the power control of SRS, most of the parameters are related to the current PUSCH except the bandwidth and offset. The parameters used for the power control of SRS related to PUSCH include P0_PUSCH, alpha and f(i). If there is no PUSCH in the same subframe, Po and alpha, assigned to the same subframe set with SRS, can be applied to calculate the transmit power of SRS, since UE can get both sets of Po and alpha. For the closed loop power control, the accumulation f(i) of the current PUSCH is directly applied for SRS. Thus how to chosse f(i) should specified when there is no PUSCH in the same subframe with SRS. There are two options for this issue. 

· Option 1: Refer to the latest PUSCH regardless of subframe set

One way is to reuse the legacy mechanism in Release 8-11 without any modification that the accumulation of the latest PUSCH should be applied to SRS regardless of whether it is from the same subframe set with SRS or not. The formula for SRS transmit power calculation does not need to be modified. For option 1, there is no additional standardization effort.

· Option 2: Refer to the latest PUSCH in the same subframe set

Another method is to refer the accumulation of the latest PUSCH in the same subframe set with SRS. Since the open-loop power control and closed loop accumulation are separate for different subframe sets, it may be quite different for the accumulation of different PUSCH from different subframe sets. Therefore it is better to refer to the PUSCH in the same subframe set for the transmit power of SRS to compensate the larger interference fluctuation.

Based on the analysis, we have the proposal that:
Proposal 1:  For SRS power control, the parameters of the latest PUSCH in the same subframe set are preferred.

3 TPC timing
It has been agreed that TPC commands are accumulated separately for each subframe set. But based on the legacy signaling design, the TPC commands received currently by a UE do not indicate which subframe set it should be applied to. 
For configuration 0, one TPC command can be related to more than one uplink subframe. It is obvious that one common TPC command field in DCI 0/4 or 3/3A is difficult to control the power of two uplink subframes especially when these two uplink subframes belong to different subframe sets. So it is necessary to solve this issue for configuration 0. 
When TDD UL-DL configuration 0 is configured as UL reference configuration, UE should judge whether the two uplink subframes belong to the same subframe set, when UE receives a TPC command from DCI format 3/3A or 0/4. 

· Case 1: If the two uplink subframes belong to the same subframe set, then the legacy solution can be reused as in Release 8-11 for TPC command.

· Case 2: If the two uplink subframes belong to different subframe sets, the following schemes can be considered for configuration 0. 

· For DCI 3/3A
Option 1: 
Different RNTIs can be allocated to indicate different subframe sets. In some downlink assignments PUCCH-TPC-RNTI may not be necessary and it can be used for TPC of PUSCH in another subframe set. For example DCI 3/3A scrambling by PUSCH-TPC-RNTI is used to indicate TPC of fixed subframe only, and DCI 3/3A scrambling by PUCCH-TPC-RNTI is used to indicate TPC of flexible subframe.
Option 2: 
Alternatively, one TPC command is carried by DCI 3/3A as in Rel-8-11, which is only applied to one uplink subframe, and the other uplink subframe will use a predefined TPC value.

Option 3: 
In another way, two TPC commands, where the resource assignment for these two TPC commands is signaled by RRC signaling, can be used for one UE on fixed subframe set and flexible subframe set respectively. When two TPC commands are carried in one DL subframe, the relationship between TPC commands and uplink subframes should be defined.

Among Option 1-3, we slightly prefer option 3 with the relationship between TPC commands and uplink subframes defined by RRC signaling.

· For DCI 0/4
If only one uplink subframe indicated by UL index is scheduled, the legacy timing can be reused. If two uplink subframes indicated by UL index are scheduled, and these two uplink subframes belong to different subframe set, it should be further studied whether this case can be allowed or not. 

Proposal 2: For configuration 0, new timing for TPC command from DCI format 3/3A or DCI format 0/4 should be redefined.

For TDD UL-DL configuration 1-6, reusing the legacy solution is a basic choice without additional standard effort. When TDD UL-DL configuration 1-6 is configured as UL reference configuration, according to the timing defined by KPUSCH and Km in [2], if the subframe that the TPC is intended to be used for belongs to subframe set 1, then it is applied for the related subframes of subframe set 1, and if the subframe that the TPC is intended to be used for belongs to subframe set 2, then it is applied for the related subframes of subframe set 2. This is a simple way for the UE to apply the closed loop power control and calculate the transmit power without any additional effort.

Proposal 3: The legacy timing table can be reused for TDD UL-DL configuration 1-6. 

4 PHR operation
The related issue of PHR operation for eIMTA was raised in last meeting. It can be divided into two issues to discuss.
· Issue 1: Is PHR for one subframe set enough?

Since the open-loop power control parameters and closed loop accumulation are separate for different subframe sets, the PH value calculations for fixed subframes and flexible subframes will be quite different. The PH value reported in fixed subframes cannot be used for flexible subframes, and vice versa. The offset of PH values between those two subframe sets cannot be assumed to be a fixed value. The accumulation parameter f(i) is unknown to eNB. Not all the eNB implement the accumulation. Even if the eNB can maintain the accumulation as the UE side, some cases such as missing grant will cause the misalignment between eNB and UE. If any uplink grant is missed, the missed TPC command will not be counted at UE side, but it will be counted at eNB side, and the followed accumulation will be different between eNB and UE. eNB cannot get the same accumulation with UE. So if UE only reports PHR for one subframe set, e.g. fixed subframe set but does not report PHR for the other subframe set, e.g. flexible subframe set, the eNB can hardly calculate PHR of flexible subframe set based on the report of fix subframe set. Separate PHRs for different subframe sets should be considered.
· Issue 2: Can current mechanism help eNB obtain both PHR for fixed subframe set and flexible subframe set?

Then the next question is whether current mechanism is already enough to help eNB obtain both PHR for fixed subframe set and flexible subframe set. It is supported to report PHR of current subframe in current specification. But it is very difficult for eNB to control PHR reporting as what eNB wants, if there is no enhancement for current PHR mechanism. For example, in all the configurations, subframe #2 is at least belonging to the fixed subframe set, while subframe #3 and/or #4 are belonging to either the fixed subframe set or the flexible subframe set, assuming they are belonging to the flexible subframe set. Then the flexible subframes are always following the fixed subframes, which will make it difficult for the eNB to obtain PHR for flexible subframe set. If eNB wants to obtain PHR of subframe #3, it should schedule PUSCH on subframe #3 while avoid scheduling PUSCH on subframe #2 ahead so as to avoid PHR carried by subframe #2. This will cause big scheduling restriction to eNB.
Regarding the eNB implementation scheme, prohibitPHR-Timer and periodicPHR-Timer are maintained at UE side, and the counting/resetting of timer depends on the information of pathloss change, and the exactly timing of SCell activation (the activation timing is differently understood between eNB and UE since SCell activation is delivered by MAC signaling). However, it is difficult for eNB to align the same timer with UE, unless eNB disables some functionality in RAN2. Anyway, extra scheduling restriction will be introduced in eNB side.

If eNB can not achieve PHR of flexible subframe set correctly, there can be loss of performance. It is difficult to derive one subframe set’s PHR from the other subframe set’s PHR, since the TPC accumulation will not be aligned between eNB and the UE, when UE receives positive TPC after UE reaches PCMAX.  In the system level simulation, once UE’s TX power reached PCMAX, the UE will be counted into “the number of UE had reached the PCMAX”. Positive TPC shall not be accumulated at UE side after UE reaches PCMAX. Since eNB doesn’t know whether UE reaches PCMAX or not, if UE reaches PCMAX once, TPC accumulation between eNB and UE will be misaligned in the following time. Therefore, this misalignment doesn’t only impact one subframe, but it will impact the derivation of the other subframe set’s PHR in a long period. Thus those UEs who reached PCMAX once are counted in our simulation result. As shown in Figure 1, the percentage of UEs, whose TX power reached the PCMAX during simulation time (1s, 3s, 5s, 10s, 20s), is shown. We observed that over14% UEs reach PCMAX within 10s. The proportion of affected UE keeps rising while the increase speed tends to slow down. 
[image: image1.wmf]
Figure 1. Simulation results
According to previous analysis, we think it is necessary to report two subframe sets’ PHR to avoid unnecessary PHR misalignment between eNB and UEs. Subframe dependent or subframe set dependent PHR is needed. The details of trigger mechanism and report may be discussed in RAN2. 
For PHR operation, we propose that:

Proposal 4: Subframe dependent or subframe set dependent PHR is needed. RAN2 should take the discussion for the details of trigger mechanism and report.
5 Application of power control commands
In last meeting, it was proposed to discuss on how to apply power control commands to two subframe sets. Two alternatives are listed as below.
· Application of power control commands

· Alt 1: separate power control commands only

· Alt 2: configurable between separate and joint power control commands

In some companies’ contributions [3], a new scheme on the application of power commands is provided. The solution is to define configurable TPC accumulation as either joint or separate over fixed and flexible subframe sets. The TPC accumulation mode can be configured via higher-layer, MAC or L1 signaling.  For example, DCI-3/3A can be reused for indication with new TPC-accumulation-RNTI. 
The new scheme is too complicated and will cause some additional problems. UE should confirm whether it is joint or separate accumulation between different subframe sets before it decides how to accumulate the received TPC command. For joint accumulation, only one accumulation parameter f(i) is maintained in UE side. While for separate accumulation, two separate accumulation parameters are needed for fixed subframe set and flexible subframe respectively. For the new scheme, if it is allowed to configure between joint accumulation and separate accumulation, the accumulation parameter maintained in UE side will be mixed up. Therefore, there is no need to introduce a new configurable TPC accumulation.
For application of power control commands, we propose that:

Proposal 5: Separate power control commands only is enough for application of power control commands. 
6 Conclusion

In this contribution, we discuss the power control related issues for TDD eIMTA. Some possible mechanisms and power control parameters are provided based on the type of a subframe and/or type of interference for a subframe.
Based on the above discussion, we have the following proposal and observations:

Proposal 1:  For SRS power control, the parameters of the latest PUSCH in the same subframe sets are referred.

Proposal 2: For configuration 0, new timing for TPC command from DCI format 3/3A or DCI format 0/4 should be redefined.

Proposal 3: The legacy timing table can be reused for TDD UL-DL configuration 1-6. 

Proposal 4: Subframe dependent or subframe set dependent PHR is needed. RAN2 should take the discussion for the details of trigger mechanism and report.
Proposal 5: Separate power control commands only is enough for application of power control commands. 
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	Parameters
	Assumptions

	Scenario
	Co-channel and multiple pico cells

	System bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Inter-site distance
	500 m

	Macro deployment


	The typical 19-cell and 3-sectored hexagon system layout

Note that macro cells are deployed but not activated    

	Pico deployment
	40m radius, random deployment

	Number of pico cells per sector
	4

	Minimum distance between pico cells
	40 m

	Minimum distance between UE and pico
	10 m

	Pico antenna pattern
	2D, Omni-directional

	Pico antenna gain
	5 dBi

	UE antenna gain
	0 dBi

	Pico noise figure
	13 dB

	UE noise figure
	9 dB

	Maximum pico TX power
	24 dBm

	UE power class
	23 dBm (200 mW)

	Number of UEs per pico cell
	10 UEs uniformly dropped around each of the Pico cells within a radius of 40m

	Shadowing standard deviation between  outdoor Pico cells
	6 dB

	Shadowing correlation between UEs
	0

	Shadowing correlation between picos
	0.5

	Pico-to-pico pathloss
	LOS: if R<2/3 km, PL(R)=98.4+20log10(R) [free space loss]                                                    else, PL(R)=101.9+40log10(R), R in km [ Dual slop model TR25942 section5.1.4.3]

NLOS: PL= 40log10(R)+169.36, R in km [25.942:section 7.4.1.2.1.4 TR 101 112(ETSI):Annex B1.8.1.2] 

Case1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03)) [36.814: table A.2.1.1.2-3 the probability of Relay-UE case1]

	Pico-to-UE pathloss
	PLLOS(R)=103.8+20.9log10(R)    

PLNLOS(R)=145.4+37.5log10(R)  

For 2GHz, R in km 

Case1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03)) [36.814: table A.2.1.1.2-3 Pico-UE]

	UE-to-UE pathloss
	If R<=50m, PL=98.45+20*log10(R), R in km

If R>50m, PL=55.78 +40*log10(R), R in m (Xia model)

[Section 7.4.1.2.1.4 of TS25942, Annex B1.8.1.2 of TR 101 112(ETSI), ETSI STC SMG2 UMTS L1#9 Tdoc 679/98]

	Traffic model
	· FTP model 1, 0.5 MByte file size;
· Data arrival ratio of DL to UL is 2:1, λDL= {1, 2};
· All the Picos have the same arriving rate.

	Time scale for reconfiguration
	infinity (i.e. fixed reference configuration), or
TDD UL-DL reconfiguration every 10ms, 200ms, or 640ms,

	Antenna configuration
	DL: 2x2 codebook-based SU-MIMO

UL: 1x2 SIMO

	Fixed reference TDD UL-DL configurations
	· TDD UL-DL configuration 1 with ratio of DL and UL arrival rate = {1/1, 2/1}

· TDD UL-DL configuration 2 with ratio of DL and UL arrival rate = {2/1, 4/1}

	Link adaptation
	MCS selection with 10% BLER, assuming ideal CSI

If the highest MCS is selected, the BLER may be less than 10%, which shall be modeled

	Set of TDD UL-DL configurations
	The seven TDD UL-DL configurations defined in Rel-8 can be used for reconfigurations

	Cyclic prefix length
	Normal CP in both downlink and uplink

	Special subframe configuration
	Configuration #8

	Packet drop time
	The packet drop time is either not modeled or modeled according to 36.814 (i.e. 8s for 0.5MB and 32s for 2MB)

	Downlink/uplink receiver type
	MMSE for both downlink and uplink

	UL modulation order
	{QPSK, 16QAM, 64QAM}

	Shadowing standard deviation between Pico and UE
	3dB for LOS and 4dB for NLOS

	PDCCH symbol number
	2

	Small scale fading Channel 
	TU for Pico-UE, UE-Pico and UE-UE.

	Penetration loss
	20dB for eNB-UE/UE-eNB/UE-UE

0dB for eNB-eNB

	DL CSI feedback type
	PUCCH mode 1-1, 10ms wideband CQI/PMI period, 40ms RI period

	UL Sounding
	Last UL symbol in subframe#1, 10ms period

	Channel estimation
	Ideal

	Scheduler
	Latency based PF scheduler 

	HARQ modeling
	· Asynchronous HARQ for UL and DL;
· Retransmission scheme: CC;
· Max retransmission times: 2;
· RLC ARQ is modeled.

	DL power control
	Not modeled

	UL power control
	Close-loop PC for all cases;
Some parameters: alpha = 0.9; Po=-82dbm for subframes without strong cross-link interference, Po=-77dbm for subframes suffering strong cross-link interference.

	DL_UL reconfiguration algorithm
	· Reconfiguration based on the UL and DL traffic load (History reference is considered);
· Seven TDD configurations defined in Rel-8 are used.

	Time scale for reconfiguration
	10ms





















































































































































































































































