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1. Introduction

Among the deployment scenarios investigated in the CoMP (Cooperative Multi-Point Transmission) SI (Study Item) in LTE Rel.11, Scenario #4 defines a network with low power RRHs (Remote Radio Heads) within the coverage of a macro cell where the transmission/reception points have the same cell IDs as the macro cell [1]. This deployment scenario has recently received significant attention for its advantages and potential specification impact. 

In previous contributions [2] [3] [4], the uplink power control scheme has been identified as one of the key areas to be further analyzed and evaluated for this common cell ID deployment scenario.

In this document, we present different technical aspects for uplink power control in Scenario 4 of the Rel. 11 CoMP SI.
2. TP/RP Selection in Scenario 4
First, Scenario 4 is illustrated in Figure 1:
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Figure 1: Transmission Points (TPs) and Reception Points (RPs) with Same Cell ID

In Figure 1, the macro base station (eNB) is indexed with “0” as a TP (Transmission Point) in the downlink and RP (Reception Point) in the uplink. The total number of low power RRHs within the macro cell area with the same cell ID as the eNB is N, and they are indexed with [image: image3.png](TP, RP,)



 for downlink and uplink transmission, respectively.

In addition, some other modelling parameters are defined in the following:

· [image: image5.png]TxPower(0)



: Transmission power of the eNB, 46/49 dBm in a 10/20 MHz carrier bandwidth as defined in [1], also named as [image: image7.png]TxPower(eNB)




· [image: image9.png]TxPower(i),i = 1~N



: Transmission power of a low power RRH i, i=1~N, 30 dBm (higher priority) as defined in [1]; it is assumed that the low power RRHs have the same transmission power, i.e., 
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E.1
The transmission power of the eNB is expressed as


[image: image13.png]TxPower(eNB) = TxPower(RRH) + TxDelta




E.2
where [image: image15.png]TxDelta



 is the transmission power difference between the eNB (the eNB can be also described as a high power RRH) and a low power RRH, which can be assumed to be equal to 16 dBm according to [1].
· [image: image17.png]


: The path loss (averaged by smoothing) from eNB/RRH to a selected UE with approximate channel reciprocity being assumed, i.e., the path loss is the same for both downlink and uplink transmission.
· [image: image19.png]TxPower (UE)



: Transmission power of the UE for uplink transmission.
In Appendix A, we investigate the downlink and uplink transmission/reception point selection, and make the following observations:
Observation 1: In Scenario 4 of the Rel. 11 CoMP SI, the downlink TPs and uplink RPs may not be same for a specific UE.
Observation 2: When a low power RRH is selected as the downlink TP, it is also selected as the uplink RP; however, if the low power RRH is selected as the uplink RP, it cannot be guaranteed that it will be selected as the downlink TP, i.e., the low power RRH has larger uplink coverage than downlink coverage, which can be expressed as:

[image: image21.png]DownlinkCoverageArea(RRH) € UplinkCoverageArea(RRH)



          E.3
Observation 3: When the eNB (macro cell) is selected as the uplink RP, it is also selected as the downlink TP; however, if the eNB is selected as the downlink TP, it cannot be guaranteed that it will be selected as the uplink RP, i.e., the eNB has larger downlink coverage than uplink coverage, which can be expressed as:

[image: image23.png]DownlinkCoverageArea(eNB) 2 UplinkCoverageArea(eNB)



           E.4
The above conclusions would still hold for more than one TPs/RPs compared to the one TP/RP case.

The TP/RP selection is highly related to the used uplink power control scheme because: 

1) The uplink power control scheme needs to estimate the path loss value from the downlink reference signal(s), which is directly related to the TP selection.

2) The uplink power control scheme needs to meet the target of sufficient uplink signal quality and minimize the inter-cell and intra-cell interference, which is directly related to the RP selection at the eNB side.

3. Path loss estimation for Uplink Power Control in Scenario 4

The current uplink power control scheme aims at compensating the path loss and minimizing interference. It consists of an open-loop and a closed-loop component:

· The Open-Loop power control component compensates for large-scale channel condition changes and is associated with low signaling overhead;

· The Closed-Loop power control component, enabled by downlink power adjustment commands, adjusts the transmission power level at a faster rate at the cost of signaling overhead.
The path loss estimation plays the most important role for the accuracy of the Open-Loop power control component to support PUCCH, PUSCH and SRS channel transmission. The mismatch of the path loss estimate vs. the real channel path loss value can be compensated by the Closed-Loop power control component at the cost of higher signaling overhead.
In Appendix B, the relation between UE uplink total path loss and each uplink path loss to an RRH are discussed.
3.1 Legacy UEs

For legacy UEs, the RSRP measurement is based on the CRS with only one broadcasted [image: image25.png]referenceSignalPower



 being used as reference; note that the calculation is defined in E.19.
Since currently the CRS configuration for Scenario 4 is at the initial discussion phase in 3GPP RAN1, three possible cases can be assumed to be discussed:

· CRS is transmitted from the macro cell only

· CRS is transmitted from the macro cell and all RRHs simultaneously

· CRS is transmitted from the macro cell and a subset of the RRHs
1) CRS is transmitted from the macro cell only

Based on the discussion in Appendix C, the following proposals are derived:

Proposal 1-1: When the CRS is transmitted from the macro cell only, the uplink OLPC of a legacy UE is enabled only when the eNB receives the uplink signal from this UE with [image: image27.png]OLPC_Threshold®®



 (defined by the eNB implementation) higher power than the sum of the uplink received signal power from this UE at all RRHs (the condition defined in E.29).
For legacy UEs, when the condition of E.29 cannot be met, the OLPC (pathloss estimation and compensation) needs to be disabled to avoid higher CLPC signal overhead for additional compensation of the pathloss estimation error. Since a legacy UE has no way to explicitly disable it, the only implicit way is: Set the maximum filter coefficient defined by [image: image29.png]filterCoef ficient



 which is included in UplinkPowerControlDedicated and can be configured as a different value for each UE:
Proposal 1-2: When the CRS is transmitted from the macro cell only and the condition in E.29 cannot be met, the eNB can configure legacy UEs with maximum filter coefficient defined by [image: image31.png]filterCoefficient



 which is included in UplinkPowerControlDedicated.

According to E.24, in the case the CRS is transmitted from the macro cell only, [image: image33.png]referenceSignalPower



 can be only defined as the CRS transmission power at the eNB:
Proposal 1-3: When the CRS is transmitted from the macro cell only, [image: image35.png]referenceSignalPower



 can be only defined as the CRS transmission power at the eNB.

2) CRS is transmitted from the macro cell and all RRHs simultaneously

We can summarize the proposals derived by the discussion in Appendix D:

When the CRS is transmitted from the macro cell and the RRHs simultaneously:

Proposal 2-1: The [image: image37.png]referenceSignalPower



 is recommended to be defined as the transmission power at the eNB.
Proposal 2-2: The uplink OLPC of a legacy UE is enabled only when the eNB meets any of the following conditions:

· The condition defined in E.29
OR
· The condition defined in E.38
Proposal 2-3: When both conditions in E.29 and E.38 are not met, the uplink OLPC of a legacy UE is disabled implicitly by setting the legacy UE with maximum filter coefficient defined by [image: image39.png]filterCoefficient



, which is included in UplinkPowerControlDedicated.
Compared to the case where the CRS is transmitted by the macro cell only, the simultaneous transmission of the CRS by the macro cell and the RRHs has larger coverage area:

Proposal 2-4: For a legacy UE, by the view of uplink power control, the CRS transmitted from the macro cell and the RRHs simultaneously leads to  better coverage compared to the case where the  CRS is transmitted only by the macro cell.
3) CRS is transmitted from the macro cell and a subset of the RRHs
The case where the CRS is transmitted from the macro cell and a subset of the RRHs is an intermediate state between the macro cell only and the simultaneous macro and RRH transmission cases. Similar observations can be made in this case under the assumption that there is a clear definition of the subset of the RRHs also transmitting the CRS. 

3.2 Rel-11 UE

For Rel-11 UEs, the path loss measurement is more flexible. It can use not only the CRS but also other reference downlink signals such as the CSI-RS. Also, more than only one broadcasted [image: image41.png]referenceSignalPower



 can be used as reference or the dedicated [image: image43.png]referenceSignalPower



 can be sent to the UE, depending on the adopted scheme.
Due to the difference in potential CRS transmission schemes, we will discuss all of them one by one in the following:

1) CRS is transmitted from the macro cell only

By the discussion in Appendix E, we can write the following proposals:

When the CRS is transmitted from the macro cell only:

Proposal 3-1: A Rel-11 UE can estimate the pathloss to the eNB and low power RRHs separately by using the CRS and CSI-RS, and then combine the result to get an accurate uplink pathloss estimation for OLPC.

Proposal 3-2: A Rel-11 UE can be informed by the RRC for the CSI-RS ports used for path loss estimation, depending on the RP selection for this UE.

Proposal 3-3-1: Both eNB transmission power and RRH transmission power need to be broadcasted to the UE for uplink pathloss estimation.

or

Proposal 3-3-2: The transmission power of the CSI-RS ports needs to be unicasted to the UE for uplink pathloss estimation.

2) CRS is transmitted from the macro cell and all low power RRHs simultaneously
When the CRS is transmitted from the macro cell and all RRHs simultaneously, the RSRP can be measured by a Rel-11 UE as  
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      E.5
If an accurate estimation of [image: image47.png]


 from E.5 is desired, the UE needs to know:
· The eNB transmission power [image: image49.png]TxPower(eNB)linear



(or its dB value) and the low power RRH transmission power [image: image51.png]TxPower(RRH)!near



 (or its dB value) for the CRS

· Estimated pathloss to eNB [image: image53.png]


 (or its dB value).
The CRS transmission power of the eNB and the low power RRHs can be transmitted to the UE. For legacy UEs, the CRS transmission power of the eNB has already been indicated by [image: image55.png]referenceSignalPower



 included in PDSCH-ConfigCommon; therefore, only the CRS power of the low power RRH needs to be broadcasted in addition:
Proposal 4-1: The CRS transmission power of a low power RRH needs be broadcasted as an additional reference signal power information.

The pathloss from the UE to the eNB (macro cell) can be estimated by macro cell only downlink reference signals, for example, using the CSI-RS ports defined for the macro cell only:

L0dB(Estimated) = TxPower(eNB)dB – F( RSRPUEdB( CSI-RS(x) ) ) 
E.6
where RSRPUEdB( CSI-RS(x) ) is the RSRP value measured from CSI-RS port x that is assigned to the eNB only.
Then, we can obtain:
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     E.7
The result of E.6 needs to be smoothed by a filter to get the estimated path loss value:
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E.8
Compared to the CRS sent by the macro cell only, the estimation process here is much simpler since only the RSRP by the CRS needs to be measured in order to estimate the pathloss from the UE to the eNB. Therefore:

Proposal 4-2: For Rel-11 UEs, by the view of uplink power control, the CRS transmitted from the macro cell and all RRHs simultaneously has better coverage (better performance) than the CRS transmitted only by the macro cell.

4. Conclusion
In this document, the main technical aspects of path loss estimation used in uplink power control for CoMP Scenario 4 defined in the 3GPP RAN1 CoMP SI have been discussed based on different CRS configurations and legacy/new UE capabilities. 

Summarizing the discussion, we propose the following for the purpose of further evaluations:

Proposal C-1: For both legacy UE and Rel-11 UEs: 

· By the view of uplink power control for path loss estimation, the CRS transmitted from the eNB and all low power RRHs simultaneously is a better choice compared to the case where the CRS is transmitted only by the eNB (Proposal 2-4 and Proposal 4-2).
· The [image: image61.png]referenceSignalPower



 defined in PDSCH-ConfigCommon is recommended to be set as the transmission power of the eNB for all CRS transmission cases (Proposal 1-3, Proposal 2-1, Proposal 3-3-1, and Proposal 4-1).
Proposal C-2: For legacy UEs, the OLPC (by path loss estimation) can be enabled and disabled implicitly by setting filterCoefficient included in UplinkPowerControlDedicated:

· If the CRS is transmitted only from the eNB, the OLPC is enabled when the condition in E.29 is met, and the OLPC is disabled when the condition in E.29 is not met (Proposal 1-1 and Proposal 1-2).

· If the CRS is transmitted from the eNB/RRHs simultaneously, the OLPC is enabled when either of the conditions in E.29 or E.38  is met, and the OLPC is disabled when the conditions in E.29 and E.38  are not met (Proposal 2-2 and Proposal 2-3).

· Alternatively, the eNB can set the value of filterCoefficient based on the measurement of the uplink received signal strength at the macro cell and each RRH.

Proposal C-3: For Rel11 UEs, the OLPC (by path loss estimation) can be supported reliably in the following cases:

· If the transmission power of low power RRHs is broadcasted as an additional reference signal information (Proposal 3-3-1, Proposal 4-1),

· If the CRS is transmitted from the eNB only, the eNB can inform the UE using the CSI-RS ports, which includes the CSI-RS port transmission power (Proposal 3-2 and Proposal 3-3-2).
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Appendix A
As a starting point, we assume a simplified case for the downlink/uplink coverage study: The UE communicates with one TP and one RP for the downlink and uplink, respectively. The following simple criterion of TP/RP selection is adopted: The strongest downlink received signal at the UE side and the strongest uplink received signal at the RP side.

Case for study: Only one connected TP and RP with strongest received signal:
· For the TP selected by the strongest downlink received signal at the UE side, this can be expressed as:
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E.9
· For the RP selected by the strongest uplink received signal in eNB/RRH side, this can be expressed as:
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E.10
According to the eNB/RRH transmission power, E.9 can be expressed as:
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E.11
i.e., the TP selection is decided by the path loss and the eNB/RRH transmission power. Since in Scenario 4 the eNB has higher transmission power as expressed in E.2, E.5 can be equivalently written as:
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E.12
Then, 
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E.13
For RP selection, [image: image73.png]TxPower (UE)



  is a constant in E.10; therefore, it can be transformed as:
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E.14
i.e., in this simple criterion, the RP selection is fully decided by the path loss from the UE to the RP and is not related to the UE uplink transmission power.
By comparing E.13 and E.14, the following can be concluded:

· When the macro eNB is selected as the downlink TP, i.e., as described by E.13, the following condition is met:

[image: image77.png]Lo—TxDelta<L, 1<i<N



       E.15
However, for the macro eNB to be selected as the uplink RP, the following condition needs to be met:
[image: image79.png]


       
             E.16
Obviously, meeting condition E.15 cannot guarantee meeting condition E.16.
· When a low power RRH (indexed as [image: image81.png]


) is selected as the downlink TP, i.e., as described by E.13, the following condition is met:
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       E.17
Condition E.17 can guarantee meeting the condition in E.18：
[image: image85.png]L. <L, 0<i<N,i#x



              E.18
i.e., this RRH is also selected as the uplink RP.
Appendix B
The existing definition of path loss estimation for uplink power control [5] is: Path loss [image: image87.png]PL



 is the downlink pathloss estimation calculated at the UE for serving cell c in dB as:

             [image: image89.png]PL.=referenceSignalPower — higher layer filtered RSRP




E.19
In E.15, [image: image91.png]referenceSignalPower



 is broadcasted by the eNB in PDSCH-ConfigCommon, which is a common value for all UEs in cell c.  RSRP is measured by using the received CRS signal and smoothed by the control factor [image: image93.png]filterCoef ficient



 which is included in UplinkPowerControlDedicated and can be configured as a different value for each UE.
In Scenario 4, the path loss estimation problem can be separated into two sub-problems:

· Obtain a reliable RSRP measurement value

· Set/communicate the useful [image: image95.png]referenceSignalPower



 for the UE
In Scenario 4, the RSRP measured value, calculated by the downlink reference signal power from all TPs, can be expressed in linear scale as:
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E.20
In the following, we deal with the TxPower of the eNB and RRHs as well as reference signal selection.  It is noted that:

· For facilitating the analysis, legacy UEs for backward compatibility and new UEs for more accurate estimation (better performance) will be discussed separately.
· Reference signals, such as CRS, sent by the eNB/RRHs parts or all, will be also discussed accordingly.
The total uplink received signal from all RPs can be expressed as:

         [image: image99.png]UplinkSumRxSignalys %" =




   

E.21
The accurate uplink path loss for uplink power control can be expressed by the ratio of the UE transmission power and the uplink received signal power, see E.17, as:

 [image: image101.png]TxPower(UE)H"e2"
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E.22
Then, we can obtain

  [image: image103.png]





E.23
where [image: image105.png]10log10( Ly ")



 is the accurate uplink path loss value in dB, which needs to be estimated by using downlink reference signals as described in E.20.

Appendix C
In this case of Scenario 4, the measured RSRP value, as derived from E.20, can be expressed as:
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           E.24
It is obvious that in this case [image: image109.png]referenceSignalPower



 can be only defined as the CRS transmission power at the eNB and the estimated path loss value is


[image: image111.png]


 
             E.25
where function [image: image113.png]F(.)



 is the smoothing filter controlled by the UE specific parameter[image: image115.png]filterCoef ficient



.
Comparing E.25 and E.23, we can observe that the pathloss estimation target 
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             E.26
can be met only when the following condition is met:


[image: image119.png]1 [ Timear



 
           E.27
Note that  E.27 can equivalently written as:
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In E.24, [image: image123.png]TxPower(UE)“neer
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 is the uplink received signal power of the UE at the eNB and [image: image125.png]


 is the sum of the uplink received signal power of the UE at all RRHs. E.28 can be further transformed by defining an additional threshold parameter [image: image127.png]OLPC_Threshold9®



 as follows:
        [image: image129.png]UplinkRxSignal,;z°Z(eNB) = UplinkSumRxSignal,;z “°(RRH) + OLPC_Thresholdd®
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Appendix D
When the CRS is transmitted from the macro cell and all RRHs simultaneously, the RSRP measured by a legacy UE can be derived from E.20:
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E.31
Base on E.23, we can then obtain
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where [image: image137.png]


 is the accurate uplink path loss, [image: image139.png]


 is the pathloss from the UE to the eNB, [image: image141.png]TxPower(eNB)Linear



 is the transmission power of the eNB, and [image: image143.png]TxPower(RRH)Linear



 is the transmission power of the RRH. Based on E.32, the following is deduced:

a) If the CRS transmission power is equal at the eNB and the RRH, i.e.,
 [image: image145.png]TxPower(eNB)L"&ar — TxPower(RRH)Lnear



,
a legacy UE can obtain accurate pathloss estimation from the CRS without any other change/impact, and [image: image147.png]referenceSignalPower



 is set as the transmission power of CRS from one eNB/RRH.
b) If the CRS transmission power is unequal at the eNB and the RRH with, in the general case, the eNB having much higher power than the RRH, i.e.:
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   E.33
· If [image: image151.png]referenceSignalPower



 is set as the CRS transmission power of the eNB:
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E.34
Similarly, when the condition of E.29 is met (UE is very close to the eNB), we can obtain:
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Otherwise, if the condition of E.29 is not met, we can obtain using E.32 and E.34:
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  E.35
Because of the condition in E.33, we can further write:
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E.36
Similarly, if we want to ignore the value of  [image: image163.png][ Tmem



 in E.32, the following condition needs to be met:
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Also, we can use the threshold parameter [image: image167.png]OLPC_Threshold9®



 to transform the condition of E.37 from implicit into explicit, and, at the same time, transform into the uplink received signal power:
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By using E.2, the equation right above can be simplified as:

    [image: image173.png]TxDelta + UplinkSumRxSignal _“*(All) = UplinkRxSignal _“*(eNB) + OLPC_Threshold“"



       E.38
When the condition in E.38 is met, we can simplify E.36 as:
                            [image: image175.png]Lestimated C & Lyg®® + TxDelta



  
E.39
Therefore, when [image: image177.png]referenceSignalPower



 is set as the transmission power of the CRS at the eNB, and the UE is connected to the RRHs for uplink transmission, the estimated path loss by the CRS is higher than the real pathloss by [image: image179.png]TxDelta



  (the fixed power difference between eNB and a low power RRH), which results in higher transmission power at the UE – at least in the initial stage. However, because this difference ([image: image181.png]TxDelta



 ) is a fixed value that can be easily compensated by the CLPC component, the OLPC (based on the path loss estimation) can still be enabled in order to compensate for the large-scale fluctuation of the real uplink path loss and reduce the usage of CLPC.
If [image: image183.png]referenceSignalPower



 is set as the transmission power of the CRS at the RRH, the situation is reversed: When the UE is connected to the RRHs for uplink transmission, the estimated path loss by the CRS will be accurate, but when the UE is connected to the eNB for uplink transmission, the estimated path loss is smaller than the real pathloss by [image: image185.png]TxDelta



 - at least in the initial stage. Since the lack of sufficient transmission power is generally worse than higher power than necessary, in the case the CRS transmitted by the eNB and RRHs simultaneously, the [image: image187.png]referenceSignalPower



 is recommended to be set as the CRS transmission power at the eNB.

Appendix E
In the case that the CRS is transmitted from the macro cell only, a Rel.11 UE can measure the RSRP from the CRS according to:
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                                      E.40
Then, the Rel.11 UE can estimate the path loss to the eNB by only using the CRS 
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     E.41
In E.37, F(.) is the smoothing filter, see also E.21.
Regarding the path loss estimation to a low power RRH, this can be done by using the CSI-RS:

LidB(Estimated) = TxPower(RRH)dB – F( RSRPUEdB( CSI-RS(i) ) ) 
E.42
In E.38, RSRPUEdB( CSI-RS(i) ) is the RSRP value which is measured based on the CSI-RS port i which is set for low power RRHs.

Finally, the uplink path loss estimated value for this UE can be combined from E.41 and E.42 (transformed from dB to linear scale):
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