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1 Introduction
No agreement has been reached in RAN1 #67 meeting regarding power control for UL CoMP. The centrepiece of the debate is whether CSI-RS based pathloss estimate should be introduced for this cause. In the past we have taken pains in giving our observations and repeating the benefit of simple RRC signalling based solutions in previous discussions. Notwithstanding, we present further clarifications for this issue here again.
2 Discussion

In scenario 3, receiving nodes in uplink may be different from transmission nodes in downlink, and this will cause incorrect uplink pathloss estimation. In scenario 4, it is difficult for the UE to distinguish each transmission node at the receiving point for calculating different downlink pathloss. This is especially true when UE is under UL coverage of a LPN and DL coverage of a macro, where the measured pathloss value will be significantly different from the actual UL pathloss. 

The incorrect pathloss estimation can be solved in two ways as summarized below:

· UE centric correction: UE adjust the difference between the measured pathloss values and actual UL pathloss at UE side.
· eNB centric correction: eNB measures the difference between the pathloss values and derive the optimal value, then informs the UE with certain signalling.

2.1.1 Uplink PC for scenario 3 and scenario 4
For UE centric correction, no matter what method adopted, one un-avoidable problem is UE has zero knowledge regarding the information of CoMP receiver structure at RRH/Macro, thus the benefit of modifying the pathloss estimation at the UE side is not clear. Information regarding the receiving node could be sent to UE, but that brings a variety of efficiency problem, let alone the fact that signalling overhead will be incurred. It is noteworthy that even after the potentially stupendous effort dictated in order to accommodate CSI-RS based pathloss measurement in the specs, the expected improvement in spectrum efficiency is still almost zero, nil, as shown by simulation results from multiple companies.
For eNB centric correction, the pathloss will be corrected at the eNB side by adjusting power offset or equivalent parameters and subsequently informing the UE. The power offset signalled to UE can be added in pathloss calculation equation and the amount is decided by the pathloss difference between different uplink receiving nodes.
The advantage of this method is that the pathloss can be compensated at one time if the adjustment decided by the estimated pathloss and optimum pathloss is out of the capability of a quick CL PC adjustment. It is admitted that certain amount of signalling overhead will be occurred, like all other approaches. 

We argue that the signalling does not need to be configured frequently. There are two possible scenarios where the adjustment is mandated:

· Case1: No change for uplink receiving nodes, which means the compensation value of the pathloss error caused by the difference between estimated pathloss value derived from the existing mechanism and optimum pathloss value, is related to UE’s position change.
Assuming that UE’s position is illustrated in figure 1 and UE is moving from pico to the edge of pico and macro. The optimum pathloss is decided by pico and macro, but estimated pathloss is decided by macro. In a period of 200ms, based on 3gpp case1 without considering shadow fading, the pathloss change is as follow:

· For UE speed of 3km/h:

The distance UE has moved is 16.6cm, the pathloss difference from macro1 to UE is 0.001dB and from pico to UE is 0.1dB. 

· For UE speed of 30km/h:

The distance UE has moved is 166cm, the pathloss difference from macro1 to UE is 0.1dB and from pico to UE is 1dB. 


[image: image1.emf]   

Macro1

Macro2

 

Pico  

P

L

P

L

P

L


Figure 1 Pathloss change with a moving UE in HetNet deployment
Considering shadowing fading is a slow process and heavily related to UE’s surrounding environment, which is of little change for the given period of the above example, it is evident that the pathloss estimation error changed little and can be fully compensated by TPC command. Note that typical deployment of scenario 3 and 4 are for low speed and medium speed UE, so 30km/h is already a bold assumption.
· Case2: When the uplink receiving nodes have changed, the expected pathloss and/or optimum pathloss could change accordingly.  In this case a signalling configured by eNB can quickly compensate the pathloss error, if the eNB decide that TPC command cannot compensate the error in an adequate time frame. Evidently, this will not be a frequent situation.
It is self-evident that high mobility is definitely not a common assumption for CoMP scenario 3 and 4, thus in our view it is not necessary to simulate speed other than the ones typically associated with nomadic mobile users. Nonetheless, let us presume that a few such UEs do appear in this hypothetical scenario for whatever reasons, and then let’s see if this really creates a problem.
Simulation has been performed assuming aforementioned deployment to see how much residue estimation error without TPC command (otherwise, TPC command will take care), with the parameters listed in the appendix.

With a uniform 250ms RRC compensation cycle, figure 2 shows the CDF of the estimation error.
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Figure 2 CDF of ΔPL at the UE after being compensated every 250 ms
It is observed that for scenario a (30km/h mix) only less than 10% of UEs have a residue mismatch larger than 2 dB, which can be corrected instantaneously through TPC commands, or through a single extra configured RRC signalling specifically for those problematic UE. During the whole process, it is expected that there is very small amount of extra RRC signalling involved. Shifting to a higher speed (60km/h) scenario has essentially marginal impact on these results. It should also be pointed out that in reality the large error case (long tail) will not happen since by then the handoff mechanism would have already started.
Note that if the power offset is configured as an UE-specific parameter and be piggybacked, such as being added in UplinkPowerControlDedicated IE, the overhead will be further limited. Also, the required bits to configure the power offset signaling will be no more than 6 bits, which has been shown enough to indicate the pathloss error [4] [5].
In summary, the required signalling transmitted is in-frequently and ignorable, meanwhile, the advantage of the eNB centric approach is enormous:
1. Standardization impact of eNB centric correction is significantly smaller. 
2. No additional processing complexity at the UE. 
3. Facilitation of a transparent implementation of UL CoMP. 
4. Implementation flexibility : As mentioned in [2], the uplink interference control algorithms that are only based on the pathloss value, such as the FPC algorithm used in LTE Rel-8/9/10, are not sufficient and need to be further studied and improved. With introduction of power offset, not only the pathloss estimate error can be corrected, but also the uplink interference in scenario 3 and scenario 4 can be controlled by setting the appropriate offset with proper interference control algorithm.

Proposal: eNB centric adjustment for uplink power control in CoMP Scenario #3 and Scenario #4 is preferable.
2.1.2 SRS power control
Unlike for PUSCH/PUCCH where power control only needs to be optimized for UL CoMP, for power control of SRS, DL CoMP is also need to be considered, as SRS could be used to obtain downlink channel information for TDD system. However, in most cases transmission points of DL CoMP and receive points of UL CoMP are inconsistent especially in scenario 3 and 4, which requires different pathloss compensation for DL CoMP and UL CoMP. 
If eNB centric correction power control is introduced, power offset needs to be set differently. For example, multiple power offsets and triggering mechanism can be introduced for SRS power control.
3 Conclusion

We have discussed the possible solution and standardization impact on UL power control for CoMP Scenario #3 and Scenario #4. In summary, we propose:
Proposal: eNB centric adjustment for uplink power control in CoMP Scenario #3 and Scenario #4 is preferable.
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Appendix
Table 1: Simulation assumptions
	Deployment scenario
	Scenario 3

	System bandwidth
	10 MHz – FDD

	Channel model
	ITU UMa for Macro, UMi for LPN (100% oudoors) details in TR36.819

	Number UEs per macro cell
	25 (Config #1)

	Transmit power
	46 dBm Macro, 30 dBm LPN, 23 dBm max UE

	Power control
	Alpa = 1; P0 = -106 dBm for all nodes, CRE = 0dB

	Antenna model
	Described in TR36.819

	COMP scheme
	Independent UL and DL cell selection

	UE speed configuration
	Scenario a: 90% of the UE are 3km/h, the remaining 10% are at the speed of 30km/h.

Scenario b: 90% of the UE are 3km/h, the remaining 10% are at the speed of 60km/h.
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