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1.	Introduction
During RAN1#74, subframe-dependent UL power control schemes were identified as a candidate solution for interference mitigation in eIMTA. The following agreement was made for the operation of such a mechanism [1]:
Agreement:
· In UL, 
· Up to two sets of subframes will be UE-specifically signaled per serving cell
· A potential UL subframe will belong to one of the above mentioned sets
· Up to two sets of open-loop power control parameters (Po and alpha) are defined
· These parameters are applicable to PUSCH and SRS channels
· TPC commands are accumulated separately for each subframe set
· FFS on
· whether the subframe set is signaled in semi-static or dynamic manner
· details of how to determine the parameters of each PUSCH and SRS transmission 
· whether to enlarge TPC steps assuming the same number of TPC bits as in current specification
· PHR operation

In this contribution we discuss several remaining details for the introduction of subframe-dependent UL power control mechanism. We first provide recommendations for configuration of the UL subframe sets. We then discuss different aspects of TPC operation including its application and step size. In the last part of this contribution, we discuss power headroom reporting for subframe-dependent UL power control.

2	Discussion
In RAN1 #74 it was agreed to introduce subframe-dependent UL power control in eIMTA, i.e., to use two sets of UL subframes for UL power control. This agreement was motivated by the fact that due to the use of different UL/DL subframe directions in neighboring cells, different UL subframes experience different interference levels and hence, they require different transmit powers.
However, the detailed operation of UL subframe subset configuration, TPC operation and PHR were left FFS. In the following subsections, we discuss these topics.

2.1 	Configuration of UL Subframe Sets
A first question to answer is how often the eNB would need to reconfigure the UL subframe subsets, and consequently, whether updates to these sets of UL subframes need to be signaled in semi-static or dynamically.
Semi-static UL subframe configuration: this corresponds to the case where the eNB configures the UE with the UL subframe sets and the UE uses those sets for a considerable period of time in the order of at least several hundred’s of msec’s or second’s at a time. One example of semi-static UL subframe configuration is to divide the UL subframes in two sets of fixed subframes (i.e., the UL subframes that are always UL in neighbor cells) and flexible subframes (i.e., the subframes that can be UL in one cell and DL in another), considering the possible changes of UL/DL directions of subframes.
Dynamic UL subframe configuration: this corresponds to the case where the eNB can continuously monitor the interference levels of UL subframe and it can change the sets of UL subframes in a dynamic manner, e.g., every several radio frames. As an example, an eNB can have a interference threshold and monitor interference levels for each UL subframe; if the interference level of that subframe falls below the threshold, then that UL subframe would belong to the low-interference set of UL subframes, and if the interference level of the UL subframe is above the threshold value, then that UL subframe would belong to the high-interference set of UL subframes. Once the sets are decided, they are communicated to the UE. In this example, the eNB re-configures power control settings for the sets of UL subframes each time when it changes the UL/DL directions of the subframes, e.g., every 40 TTIs.
Clearly, semi-static configuration has lower signaling overhead compared to that of dynamic re-configuration. However, dynamic configuration provides more adaptability to the actual changes experienced in the interference environment and can result in higher coverage and/or throughput. 
In order to compare the relative performance of these two approaches, we evaluated semi-static vs. dynamic configuration of power control settings in a system-level setup. Evaluation parameters are summarized in the Appendix.
The results of our system level evaluations are presented in Table 1.

Table 1: UL and DL packet throughput (Mbps) for semi-static vs. dynamic UL subframe set configuration (λDL=1, λUL=0.5)
	Method
	DL
	UL

	
	Avg.
	5 %
	50 %
	95 %
	Avg.
	5 %
	50 %
	95 %

	Semi-Static SF set configuration
	41.620
	10.687
	46.247
	61.199
	19.212
	7.172
	21.389
	25.463

	Dynamic SF set configuration (40 ms)
	41.767
	10.272
(-3.8%)
	46.199
	61.145
	19.485
	7.867
(+9.7%)
	21.611
	25.463



As shown in Table 1, by applying the dynamic UL subframe set configuration the 5-percentile UL coverage of the cell is increased by almost 10% compared to that of the semi-static UL subframe set configuration. Moreover, the average throughput of both UL and DL connections are also slightly improved. These improvements come at the expense of a slight decrease of 5-percentile DL throughput. The performance of dynamic UL subframe set configuration can be further improved by increasing the flexibility of such configuration, e.g., the eNB can change the set association of an UL subframe by signaling such association as a part of the corresponding UL grant. Doing so enables the eNB to change the set of an UL subframe as needed.
Recommendation 1:
The applicable UL subframe subset for a given PUSCH transmission is signaled dynamically to a UE.
In dynamic configuration of UL subframe sets, these sets have to be reconfigured frequently, so the next question to answer is how often the sets of UL subframes should be reconfigured. Due to the fact that the interference level for a given UL subframe depends on assigned UL/DL subframe directions in neighbor cells, interference levels will differ when these configurations are changed. Intuitively, the sets of UL subframes should be changed with the same periodicity and timing when UL/DL directions of the subframes are re-assigned as a part of explicit signaling through DCI.
Recommendation 2:
The sets of UL subframes can at least be reconfigured with the same periodicity and timing when UL/DL directions of subframes are re-assigned (e.g., as a part of explicit signaling through DCI).

2.2 	TPC Application and Step-size
In subframe-dependent UL power control operation, the UE maintains two sets of power control parameters. For example, the UE maintains two TPC accumulators each corresponding to a set of UL subframes. Once a TPC command is received as a part of UL grant, the UE can determine the UL subframe set that corresponding scheduled UL subframe belongs to and apply the TPC command to the TPC accumulator of that set.
Recommendation 3:
When the UE receives TPC as a part of the UL grant, the UE should apply the power control step to the TPC accumulation look of the UL subframe set, to which the scheduled UL subframe belongs to.
In theory, it is possible to define different TPC step-sizes for subframe-dependent UL power control operation than the ones used in legacy TDD. The introduction of such different TPC step size can be motivated by the fact that the total number of received TPCs is now divided between two sets. Therefore, each TPC accumulator receives less number of TPC commands per radio frame compared to the legacy system where there is only one set of UL subframes. Consequently, to compensate for the reduced number of TPCs per radio frame, one can increase the impact of each TPC on the UL power, i.e., by increasing the TPC step sizes. We believe that although it is possible to modify different TPC step sizes for subframe-dependent UL power control, it should be further investigated how beneficial would be the introduction of such different TPC step-size in practice.
Recommendation 4:
Further investigate the benefits of modifying the TPC step size of subframe –dependent UL power control.

2.3 	PHR Operation
When a power headroom report is sent, the power headroom reported for a serving cell is, in principle, the delta between the maximum power (Pcmax,c) for that subframe and the calculated power for that subframe before any reduction due to exceeding maximum power is applied.
For subframe dependent UL power control where two sets of UL subframes are defined and each set has its own power control parameters and procedures, power headroom reported in subframe i would, therefore, correspond to the power calculated based on the parameters and TPC accumulation of the set subframe i belongs to, which would be either of two sets.  Since the power headroom for the two sets would be different, this may not be sufficient information for proper scheduling decisions for the subframes of the other set. However, PHR discussion may be closer to RAN2 topics rather than RAN1 (see [3] for more detail).
Recommendation 5:
RAN1 to send an LS to RAN2 regarding the PHR operation of subframe-dependent UL power control in the context of eIMTA.

3	Conclusions and Recommendations
In this contribution, we discuss several remaining details for the introduction of the new subframe-dependent UL power control mechanisms for eIMTA operation and provide some simulation results.
In summary we propose,
Recommendation 1:
The applicable UL subframe subset for a given PUSCH transmission is signaled dynamically to a UE.
Recommendation 2:
The sets of UL subframes can at least be reconfigured with the same periodicity and timing when UL/DL directions of subframes are re-assigned (e.g., as a part of explicit signaling through DCI).
Recommendation 3:
When the UE receives TPC as a part of the UL grant, the UE should apply the power control step to the TPC accumulation look of the UL subframe set, to which the scheduled UL subframe belongs to
Recommendation 4:
Further investigate the benefits of modifying the TPC step size of subframe –dependent UL power control. 
Recommendation 5:
RAN1 to send an LS to RAN2 regarding the PHR operation of subframe-dependent UL power control in the context of eIMTA.
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Appendix: Simulation assumptions
We evaluate the performance of semi-static and dynamic subframe set reconfiguration. For both subframe reconfiguration cases we make use of two separate closed loop power control accumulations. The TPC step size for the accumulation is based on the legacy defined {-1, 0, +1, +3} values. All possible uplink subframes (#2, #3, #4, #7, #8, #9) are considered for the subframe sets. The subframe sets are differentiated on the basis of the experienced interference, with each set having its own (α, P0) pair. We use a higher P0 for the subframe set we anticipate will experience higher interference. In the semi-static case we consider subframe set 1 to consist of subframes {#2, #7}, whereas set 2 consists of subframes {#3, #4, #8, #9} [2]. We use the higher P0 for set 2.   
Table 2: Evaluation assumptions
	Parameters
	Assumptions

	Scenario
	Co-channel and multiple pico cells

	System bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Inter-site distance
	500 m

	Macro deployment

	7-cell and 3-sectored hexagon system layout
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

	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 in TR36.814
· Poisson distributed with arrival rate λ
· Number of UEs according to the simulated scenario
· A packet is randomly assigned to a UE with equal probability
· Independent traffic modelling for DL and UL per UE
· Fixed size of 0.5Mbytes as in TR36.814
·  λ for DL is 1. The arriving rate for UL file is derived by the ratio of DL and UL arriving rate (2/1). 
· Independent traffic generation per cell
· Same arriving rate for all the cells

	Time scale for reconfiguration
	TDD UL-DL reconfiguration every 40ms

	TDD reconfiguration algorithm
	Based on ratio of DL-UL buffer size.
6 TDD configurations are considered for reconfiguration (Configuration 4 is excluded). 

	Time scale for subframe reconfiguration for dynamic case
	Every 40 ms

	UE antenna configuration
	UL: 1 Tx, 2 Rx (SIMO)
DL: 2x2 codebook SU-MIMO

	Small scale fading 
	ITU UMi for Pico-UE, UE-Pico

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

	Channel Estimation
	Ideal

	Scheduler 
	FIFO

	UL power control
	Closed loop power control for both semi-static as well as dynamic set reconfiguration.
· α = 0.9, P0 = -82 dBm for low int. Set
· α = 0.9, P0 = -77 dBm for high int. Set

	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 modelled

	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

	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

	Simulation duration
	20000 TTI
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