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1. Introduction

In RAN1#65, it was agreed that a new scenario called “geographically separated antenna deployment” is a relevant area in Rel-11. While several issues on this scenario for DL were discussed, those for UL were not discussed and still unclear. In this contribution, we address potential issues on geographically separated antenna scenario from the perspective of UL transmit power control (TPC).
2. Identified Issues on geographically separated antenna deployment
In LTE Rel-8/9/10, the Tx power is determined based on measured path loss (PL) calculated from RSRP of antenna port 0 (and 1) by the open-loop (OL) manner. Furthermore, UE-specific closed-loop (CL) TPC is also available to adjust the reception power at eNB. While the path loss is almost the same for all antennas in case of co-located antenna scenario, the PL values among antenna ports would be greatly different depending on the UE position for the geographically separated antenna scenario, for instance PLmacro >> PLlpn as shown in Figure 1.
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Figure 1 Pathloss relationship between UE, macro eNB and LPN
If the same TPC formula in Rel-10 is reused for this scenario, Tx power is determined as following:
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  (1)
, PLc is determined depending on which antennas are used for antenna port 0 transmission, and the transmit power is greatly different with this strategy, i.e.:
· Case 1: If antenna port 0 is operated by SFN between macro eNB and low-power node, i.e. antenna virtualization, 
· PLc is derived from the combined power transmitted by macro eNB and LPN, 
· Both PLmacro and PLlpn are considered for PLc calculation.
· Case 2: If antenna port 0 is transmitted by only the macro eNB, i.e. PDCCH is transmitted from only macro eNB,
· PLc is derived from CRS from  themacro eNB
· The UE always sets PLc value optimum for reception by macro eNB.
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	(Case 1) AP0 is operated by SFN
	(Case 2) AP0 is operated by macro eNB only


Figure 2 C.D.F of average Rx power at the closest LPN 
(based on 3GPP CoMP evaluation model in TR36.819 [3])

Figure 2 represents the difference between desired Rx power (i.e. P0) and actual one at LPN under the assumption of configuration 4b. For Case 1, maximum 16 dB higher signal received because there is Tx power gap of 16 dB between macro eNB and LPN, and UEs are ignorant about it. For Case 2, it is confirmed that the gap reaches 50 dB at maximum because UEs are never aware of the presence of LPN and set Tx power targeting macro eNB. This excessive power may cause the serious issues on signal reception at LPN as following: 
· Issue 1: Dynamic range of A/D converter (amplitude as well as phase distortion)
· Issue 2: Spurious Emissions

· Issue 3: Inter-code interference for CDMA channel, e.g. PRACH
These results demonstrate that the same mechanism in Rel-8/9/10 is not suitable for geographically separated antenna scenario. CL TPC by UE-specific parameter (PO_PUSCH) might be applicable for a solution without spec change. However, the defined range of this parameter is [-8..7] dB, and hence the range is not enough to compensate the gap.
Observation:

· If geographically separated antenna deployment is introduced and the  Rel-8/9/10 TPC mechanism is reused, undesirable high power signal would be received by LPN
· This may cause problems on A/D converter, spurious emissions and inter-code interference.

· CL TPC may not be able to eliminate the problems due to its narrow value range.

3. New TPC for geographically separated antenna
3.1. Solutions for Rel-11 UEs
First of all, we should investigate the principles of TPC for geographically separated antenna, and then to discuss the concrete mechanism to realize this principle. Regarding the principle of TPC, we have at least three options below:
· Option 1: Reception by all antennas (i.e. both macro eNB and LPN)
· Rx diversity is assumed.
· However, Tx power is controlled to avoid unnecessary high power 
· Option 2: Reception by closest antenna(s) 
· ICI can be reduction while Rx diversity cannot be obtained. 
· Option 3: Reception by macro eNB only

· System simplicity is prioritized, and the benefit of ICI reduction by the introduction of LPN is not considered.
· LPNs may be DL dedicated, and are not used for signal reception.
Considering the motivation to introduce dense cell deployment, it makes no sense to agree on Option 3 as the most important scenario. In any case, it is obvious that the legacy TPC formula, which relies on PL calculated by CRS port 0, is not appropriate for geographically separated antenna scenario. Therefore, we think that a new TPC mechanism is necessary for Rel-11 geographically separated antenna scenario.
Observation:

· Discussion on which power control strategy (option 1~3) is the best approach is needed. 
· The relationship between path loss derivation formula and antenna port 0 should be released for geographically separated antenna scenario.
3.2. Impact for Legacy UEs

Although an improved TPC mechanism can be applied for Rel-11 UEs, the impact when legacy UEs co-exist in the same cell should be carefully investigated. This is because it may be detrimental for the system and eNB implementation. Although a technique to practically turn off OL TPC and rely only on CL TPC [2] is available, a serious problem described earlier may still happen.
For example,  assume a situation such that a legacy UE and a Rel-11 are located near an LPN, and Tx power of the Rel-11 is set small enough to reach the LPN. When the legacy UE and the Rel-11 UE transmit PRACH for initial access in the same frequency-time resource, their signals are multiplexed by cyclic shifts (i.e. CDM). As a consequence, the gap of Rx power reaches 16 dB for case 1 and 50 dB for case 2 at maximum, and hence the loss by broken orthogonality harms the PRACH performance. This would be a pessimistic case, and might happen rarely. However, the consequences by the introduction of new TPC mechanism should be carefully studied.
Observation:

· If a new TPC mechanism is introduced for Rel-11 UEs, the consequences when legacy UEs co-exist should be studied carefully
4. Conclusion

In this contribution, we shared our views on geographically deployment scenario from the perspective of UL transmit power control. Furthermore we analyzed consequences when this scenario is introduced and Rel-11 and legacy UEs co-exist. Our observations are summarized as following.
· If geographically separated antenna is introduced and Rel-8/9/10 TPC mechanism is reused, undesirable high power signal would be received by LPN

· This may cause problems on A/D converter, spurious emissions and inter-code interference.

· CL TPC may not be able to eliminate the problems due to its narrow value range.

· Discussion on which power control strategy is the best approach is needed. And the best strategy may be different in legacy UEs and Rel-11 UEs.
· Option 1: Reception by all antennas (i.e. both macro eNB and LPN)

· Option 2: Reception by closest antenna(s) only , or
· Option 3: Reception by macro eNB only

· The relationship between path loss derivation formula and antenna port 0 should be released for geographically separated antenna scenario.

· If a new TPC mechanism is introduced for Rel-11 UEs, the consequences when legacy UEs co-exist should be studied carefully
References
[1] R1-111330, Ericsson, ST-Ericsson, “Considerations on real-life DL MIMO aspects”, 3GPP TSG RAN WG1 #65, May, 2011 
[2] R1-111598, Intel Corporation, “Uplink Power Control Discussion for CoMP Scenario 4”, 3GPP TSG RAN WG1 #65, May, 2011
[3] 3GPP TR 36.819 V1.0.0, Coordinated Multi-Point Operation for LTE Physical Layer Aspects
1

_1371898784.vsd
Macro eNB


LPN


High Speed Backhaul


PLmacro


PLlpn


Coverage of macro eNB


Coverage of LPN



_1350239076.unknown

