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1
Introduction
For Intra-band Non-contiguous CA, there are still open issues in regards with power imbalance and time offset from non-collocated Pcell and Scell observed by UE. 

Since the specified intra-band NC CA UE structure [1] is with shared LNA before separate RF chains (including AGC), if the power imbalance is large and beyond the range for AGC adjustment, the LNA gain need to be updated. The update/gain switching is always assumed occurring according to the Pcell SF boundary. However if the time offset observed is larger than CP, the UE’s Scell performance may has degradation in that subframe. This issue of LNA switching with potential large time offset than CP is a specific issue for intra-band NC CA in non-collocation case considering the specified UE structure.   
In addition, whether the UE could support large power imbalance and whether UE could support 64QAM under large power imbalance are also interested on the discussion. The shared LNA structure may introduce impact on receiver noise figure and linearity thus the power imbalance for UE to cope is also an intra-band NC CA specific issue. 
In this paper we bring system simulation results on the non-collocation CA scenario to show the potential time offset and power imbalance observed by UE, and provide relevant analysis and observations. 
2
Discussion 
System level simulation ran according to the considerations in [1] assuming Macro cell of 5MHz and small cell of 20MHz. And detailed assumptions are in the Annex. In simulation, all the UEs are configured with intra-band NC CA depending on the mobility parameter settings, e.g., A3-based or A4-based cell association. Considering the power imbalance could be problematic even on the case of measurement for deactivated SCell, all the CA UEs are taken into account on a TTI basis, whether scheduled on both CCs or only on single CC. Fast Fading was also evaluated.    
2.1 Time offset observed by UE

The time offset between CCs observed by UE may be impacted with several aspects. In ideal backhaul and with fibber connection the Macro cell and RRH are in well time alignment. The time offset are mostly from the propagation delay due to site distance between Macro cell and RRH. Different BS site distance esp. distance between Macro cells will impact dramatically. We evaluated the widely adopted scenario 2a where the Macro site distance is 500m. The channel delay spread may introduce some impacts but the impact may be little after tracking. We obtain the timing offset results according to the propagation delay.
Below is the distribution for time offset from Macro and Small cells. In the layout, the white dots are the Macro cells and the small black dots are RRHs. The time offset is mostly less than 1us and in some certain places achieves 1.5us. It seems in this scenario (Macro site distance=500m) the time offset is much smaller than CP length of 4.7us, thus even with large power imbalance, there should be no problem for LNA switching in the CP for NC CA UE.    
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Figure 1: Timing offset between Macro and RRH for non-collocated CA in Scenario 2a
Observation 1: In case of Macro site distance 500m, the time offset is much smaller than CP length (~4.7us). Thus even with large power imbalance occurrence, there should be no problem for LNA switching in the CP for NC CA UE.
The distance difference between macro and pico cells would up to 1.4km and 9km for 4.7us and 30us timing offset, respectively. It is hardly to see the case that UE operates with inter-site CA with such large distance difference between the macro and RRH. And generally the mobility parameters will be set to restrict the UEs to operate with inter-site CA in such case, e.g. only allow the UEs in vicinity to both the macro and pico to operate with inter-site CA. In that case, the UE would not experience large timing offset. Providing the time offset beyond the CP length in some certain scenario, it is proposed to firstly evaluate the performance degradation for LNA switching with further link level simulation.  
Observation 2: With BS mobility parameters setting, UE with large distance between Macro cell and RRH could be avoided as intra-band NC CA UE. Providing the time offset beyond the CP length in some certain scenario, it is proposed to firstly evaluate the performance degradation for LNA switching with further link level simulation.    

2.1 Power imbalance observed by UE
The Power imbalance (PI) between CCs observed by UE may be impacted with below aspects: Transmission power, esp. for the small cell with lowest maximum Tx power e.g. 24dBm; coupling loss as a function of the inter-site distance; and fading. Specifically the power calculated here is wideband received power and bandwidth agnostic. Fast Fading effects are evaluated.
To be noted, the simulation results in this paper are representing the power/SINR measured at UE antenna, and the impact of UE RF is not considered. If all relevant UE impairments are considered, the SINR results may change. The intention of here is to provide the power imbalance on antenna from system level simulation as a starting point that RF IC vendors could provide further analysis with RF impacts.
Output on power imbalance from the simulation could be found below:
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Figure 2: Power imbalance between Macro and RRH 
The power imbalance in figure 2 is Rx power on macro – Rx power on RRH. It seems more cases are with larger Macro power than RRH power. The power imbalance distribution is from -45 to +45dB, thus it is possible to fulfil the 47dB difference to support QPSK in scenario of [2] according to the analysis in [3]. 
Observation 3: The power imbalance distribution of Macro site distance 500m is from -45 to +45dB.   
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Figure 3: CDF for power imbalance (absolute value) between Macro and RRH (30dBm and 24dBm)
In Figure 3, the 24dBm RRH and 30dBm RRH case was compared. It seems for 24dBm case, the power imbalance will be larger for 1~3dB in overall. The power imbalance status are not change much for the cases where the SNR supports QPSK; specifically less power imbalance could be assumed for the most case where the SNR supports 64QAM with 24dBm RRH for CA. 
Observation 4: lower power Tx RRH case (e.g. 24dBm) shows almost the same PI for QPSK, larger PI for 16QAM, but less PI for 64QAM.  
To check the UE observed power imbalance in different SINR level which is corresponding to different MCS, further results were evaluated for the cases of larger Macro power or larger RRH power.  
[image: image6.png]os
o8
07
o5
fos
o
03
02

01

pico layer with lower Rx power, 30Mbps load

pico SINR<=3dB.
pico SINR>=1048
H —— overall
0 20 E] o 50

UE R pawer imbalance between macro and pico (48]

macro

pico.





Figure 4: PI Statistics for Rx power at macro > Rx power at RRH
In the case of larger Macro power, 64QAM could be possible supported under the high Pico power and the even larger Macro power. It is shown in the curve of pico SINR>=10dB in Figure 4, 90% -ile power imbalance are less than 22dB. And the largest PI is up to 34dB. 
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Figure 5: PI Statistics for Rx power at macro < Rx power at RRH

In the case of larger RRH power, the largest PI is up to 45dB. 64QAM could be possible supported under the high Macro power and the even larger RRH power. It is shown in the curve of Macro SINR>=10dB in Figure 5, 95%-ile power imbalance are less than 28dB. 
In both cases, it seems it would be sufficient to support 64QAM for the specific scenario in[2] according to analysis in [3] since the PI under high SINR is with high possibility less than 28dB to avoid the problem of in-band blocking. 
It seems the even higher PI than 28dB in high SINR case does exist but very rare. In that case UE may need to be configured without CA. 
Observation 5: Haven’t consider the RF impairments, it seems possible to support 64QAM for the specific scenario in[2] according to analysis in [3] since the PI under high SINR is with high possibility less than 28dB to avoid the problem of in-band blocking. The even higher PI than 28dB in high SINR case does exist but very rare.
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Figure 6: Power imbalance between Macro and RRH for non-collocated CA 
In the Figure 6 the PI distribution shows large PI occurs around Macro cell. However the PI changing is more dramatic around RRH in a short distance. Within the red cycle of the figure 6, the PI changes 30dB within 50m. Considering the pico coverage could be hotspot thus low mobility is assumed e.g. 8m/s, thus the PI changes rate could be 4.8dB/s. since the 500m Macro inter-site case could be denser than the larger inter-site case and the PI changing is faster, thus the 4.8dB/s could be assumed as an extreme case for triggering the LNA switching.
Observation 6: providing large timing offset to be further evaluated, the PI change rate in an extreme case could be 4.8dB/s on antenna port. 
2.3 Simultaneous Time offset and power imbalance 
Below results are with the intention to check the time offset and power imbalance in simultaneous occurrence. The power imbalances and time offset are calculated as the mean value, and each dot corresponds to one UE. From the figure it shows the time offset is under CP and PI is below 47dB. 

The simulation results are band agnostic and bandwidth agnostic. Since the time offset is less than CP, it may not need to consider the time offset together into the NC CA test case. The PI simulation results are below 47dB but impact to different bands with different bandwidth should be evaluated dedicatedly.        
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Figure 7: simultaneous time offset and PI.
Observation 7: The simulation results are band agnostic and bandwidth agnostic. Since the time offset is less than CP, it may not need to consider the time offset together with power imbalance into the NC CA test case. The PI simulation results are below 47dB but impact to different bands with different bandwidth and different GB should be evaluated dedicatedly. Suggest to only focus on the operator interested cases.  

3
Conclusion

We provide system simulation results on the intra-band NC CA non-collocation scenario to show the potential time offset and power imbalance observed by UE, and have the below proposals:
Proposal 1: Separate the timing offset and power imbalance in the NC CA demodulation test cases, since the timing offset may not be up to CP length in the most widely used scenarios. And it is possible to omit the timing offset impact in UE demodulation test cases. 
Proposal 2: Providing the time offset beyond the CP length in some certain scenario is identified, it is proposed to further evaluate the performance degradation for LNA switching with further link level simulation. And the PI change rate in an extreme case could be 4.8dB/s, haven’t consider the UE RF impairments.  

Proposal 3: The PI simulation results observed in simulation below 47dB (haven’t consider the UE RF impairments) is Band&BW agnostic but the impact to different band with different bandwidth and different GB should be evaluated dedicatedly. Suggest to only focus on operator interested cases.  

References

[1] R4-136921, Way forward on intra-band non-contiguous power imbalance and timing offset issues in demodulation test, NTT DOCOMO, NSN, Nokia Corporation, Ericsson, Intel, Huawei 

[2] R4-134981, WF on non-collocated deployment scenario for Intra band NC CA, NTT DOCOMO
[3] R4-136635, “Consideration from UE performance perspective on intra-band NC CA with non-collocation deployment”, Ericsson
[4] TR 36.823, Carrier aggregation enhancements; User Equipment (UE) and Base Station (BS) radio transmission and reception, Rel-11
[5] TS 36.300, E-UTRA and E-UTRAN Overall description, Stage 2, rel.11

[6] TS 36.101, E-UTRA User Equipment (UE) radio transmission and reception
[7] R4-134947, Intra-band non-contiguous CA deployment scenario and UE performance requirement considerations, Ericsson
Annex: simulation assumption
	Network layout 
	7 macro sites (21 macrocells), 1 cluster per macrocell, 4 small cells per cluster 

	Channel profile 
	ITU channel model with 3D antenna

	Inter-site distance 
	500 m

	System bandwidth 
	Macro: 5 MHz @ 1.5GHz, small cell: 20 MHz @ 1.5GHz (intra-band NC CA)

	BS transmit power 
	Macro eNB: 46 dBm with 17 dBi antenna gain, small cell:  30 dBm with 5 dBi antenna gain; 24dbm with 0dbi antenna gain 

	Antenna configuration 
	2 x 2 MIMO with rank adaptation 

	UE receiver 
	MMSE-IRC 

	HARQ 
	Ideal chase combining with max 4 transmissions 

	Link Adaptation 
	Fast AMC 

	Packet scheduling 
	Throughput based joint proportional fair

	Bursty traffic model 
	Poisson arrival with fixed payload size of 4 Mbits per UE, 30Mbps offered load 

	BLER target 
	10% (first transmission) 

	Available MCS 
	QPSK (1/5 to 3/4), 16QAM (2/5 to 5/6), 64QAM (3/5 to 9/10) 

	Cell association 
	All UEs are configured with inter-eNB CA

	UE location 
	20% outdoor UEs, 80% indoor UEs
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