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1. Introduction
RRM requirements for 4 DL CA have been extensively discussed in the previous meetings [1-6]. However there has not been any consensus regarding the measurement requirements for the 3rd SCC with activated SCell for 4 DL CA and for the 3rd and 4th SCCs with activated SCells for 5 DL CA. However with the exception of the measurement requirements (i.e. in section 8 of TS 36.133) all other RRM core and performance requirements for 4 DL have been agreed.  

In this paper we further analyze the the measurement requirements for the 3rd SCC (i.e. 4th CC) in 4 DL CA. 

2. Analysis of impact of measurement requirements
It was proposed in [1] that for measurements of all the cells on 3rd SCC even with activated SCell, the existing requirements defined for SCC with deactivated SCell are specified. It was pointed out that this approach will reduce UE power consumption and processing. Furthermore it was pointed out that only subset of CCs in 4 or 5 DL CA deployment is non-co-located. In other words it has been assumed that not all CCs in CA are non-co-located.  We address all these issues and also analyse the need for maintaining the existing measurement requirements for any SCC with activated SCells in 4 DL and 5 DL CA.
2.1 Impact on UE Power Consumption
It was argued in [1] that UE power consumption is reduced between 30-38.75% if the relaxed measurement requirements are applied to 3rd and 4th SCCs even when their respective SCells are activated. However it is important to note that when the SCell is activated the UE RF front end receiver is active as the UE has to monitor the control channels in every subframe. The UE RF components consume the major chunk of the UE power compared to the RRM measurements on one or two CCs. Furthermore the RRM measurements on the 3rd and the 4th CCs involve fractional of processing compared to the total processing the UE is carrying out. Therefore we don’t believe that measurements on SCCs with activated SCels based on existing measurement requirements will lead to any substantial increase in the UE power consumption. The UE power consumption impact is analysed in more detail in a separate contribution [7].
2.2 System Impact of Relaxed Requirements on 3rd SCC or 4th SCC

Currently the measurement requirements for measurement on cells of any SCC with activated SCell are the same as defined for the PCC. This is shown in table 1. 

Table 1: Measurement requirements on SCC based on activated SCell

	Cell search delay [ms]
	RSRP/RSRQ measurement period [ms]

	800
	200


But if the relaxation as proposed in [2] is applied to the 3rd SCC with activated SCell then the measurement requirements for such SCC will be substantially relaxed as shown in table 2:
Table 2: Measurement requirements on SCC based on deactivated SCell

	No.
	SCell measurement cycle [ms]
	Cell search delay [ms]
	RSRP/RSRQ measurement period [ms]

	1
	160
	3200
	800

	2
	256
	5120
	1280

	3
	320
	6400
	1600

	4
	640
	12800
	3200

	5
	1280
	25600 
	6400


Compared to the requirements with activated SCell, the above requirements (i.e. delays) are 8 times more relaxed even for SCell measurement cycle = 320 ms. The above delays are even longer compared to those for inter-frequency (assuming up to 2 carriers).

The extended measurement time will severely impact several procedures related to CA operation notably:

· Impact on non-co-located deployment support for CA
· Impact when extending existing non-co-located deployment for CA
· Swapping between serving cells: between PCell and SCells 

· Opportunistic SCell configuration based on traffic demand 

· Impact due to differences in coverage between CCs

2.2.1.
Impact on non-co-located deployment support for CA
The Rel-10 based CA procedures have been developed to support CA operation in both co-located and non-co-located deployment scenarios. For example the stage specification TS 36.300 captures examples of both the co-located and non-co-located deployement scenarios. For example in Annex J of TS 36.300 the CA scenario #4 is a non-co-located deployment scenario where RRHs and macro base stations are not co-located. This scenario is also applicable to 2-5 DL CA. In non-co-located scenario the measurements on one CC cannot be reused to assess the performance on another non-co-located CC. Therefore it is important that the measurements on all such non-co-located CCs are reported with equal delay.  
2.2.2.
Impact when extending existing non-co-located deployment for CA
The non-co-located deployement already exists in real networks. For example in one area there might be multiple co-located carriers wherein in an adjacent areas there might be limited or fewer number of co-located carriers support. Therefore in overlapping areas with limited interference non-co-located carriers can be aggregated. The CA for the base station is higher layer functionality. Therefore such non-co-located carriers are also upgraded for use as CCs in CA. But as stated earlier that in non-co-located scenario the measurements on one CC cannot be reused to assess the measurement performance on another non-co-located CC.  Therefore it is important that the measurements on all such non-co-located CCs are reported with equal delay.  
2.2.3. Impact due to differences in coverage between CCs

There are several 4 DL CA and also 5 DL CA where all CCs belong to different band with very different coverage e.g. combination of lower and higher bands. Examples of 4 DL CA configurations which are already included in TS 36.101 are reproduced in Annex A. It is not feasible to reuse measurements perform on one CC to assess the measurement performance on another CC with very different coverage. Furthermore if the CCs with very different coverage and are also not co-located then it is even more important that the measurements on all such CCs (with different coverage and non-co-located CCs) are reported with equal delay.  
2.2.4. Impact when swapping between serving cells

The measurements on cells on SCC are not only performed for the purpose of UE mobility. One important purpose of SCell measurements is to find suitable candidate to replace the existing PCell with one of the suitable SCells. The main factors that trigger the swapping between PCell and the most relevant SCell are the load on the control channel on PCell, coverage of the PCell especially when the current PCell is of higher band. For example the network will have to select the new PCell which is better in terms of coverage, load on control channels etc. Therefore substantially longer measurement delay will result in adverse impact on system performance. The user throughput will deteriorate if the network is unable to schedule the UE due to high load on PCell, which cannot be swapped within reasonsable delay. The user throughput will also deteriorate if the newly swapped PCell is not the most optimal in terms of coverage. The swapping may not be optimal if the measurement delay is too long. 

For example consider a practical scenario whereby the PCell quality falls below a threshold and the network decides to immediately swap it with the strongest of the SCells. If 3rd and 4th SCell measurements are reported with consider delay (e.g. cell search delay of 12.8 seconds instead of 0.8 s) then it is highly likely that to in order prevent any further degradation of the PCell performance, the old PCell is swapped with the 1st SCell or the 2nd SCell - whichever is the stronger. However in reality 3rd and 4th SCell may be the most suitable SCell; but none of them would be selected as the PCell in due time because of the substantial delay in reporting the measurement results. 
Table 1 shows the field results in a real network on the number of serving cell changes per UE per minute in different radio environments. We also observe that in dense urban environment the mean serving cell change rate per UE is 1.63 and for a significant number of cells it is higher than 2. This means if the RSRP/RSRQ measurements for SCC are reported over for example 6.4 seconds (i.e. relaxed period) instead of 0.2 seconds, then the non-best (not the strongest) SCell will be selected more than 20% probability when swapping it with the current PCell and especially when the SCCs are non-located.
Table 1: Field results on intensity of serving cell change in different environment
	Environment
	Mean serving cell change rate

	Rural
	0.98/UE/min

	Suburban
	0.96/UE/min

	Urban
	1.09/UE/min

	Dense urban
	1.63/UE/min

	Indoor
	0.91/UE/min


2.2.5. Impact on opportunistic use of SCells triggered based on traffic demand 
Most of the traffic is bursty. The traffic arrives in very short bursts of data. The burst size can also vary considerably over time. The amount of data in the DL buffer motivates the need to opportunistically configure more SCells. When the buffer size decreases then one or more oportunically added SCells can be released. 

In situation where there is sudden increase in the DL buffer the SCell can be setup quickly and it will be used for scheduling only if SCell measurements are above threshold. Therefore it is important that the SCell measurements are reported as fast as possible. The SCell search delay of for example 12.8 seconds instead of 0.8 seconds will prevent the use of opportunistic configuration of SCells. It would be wastage of resources to retain SCells (i.e. keep them configured) contantly.

Based on the above analysis in section 2 we propose that no relaxtion in terms of measurement delay is allowed on the 3rd or 4th SCC with activated SCell. 

3 Summary
In this paper we have analyzed the possible relaxation of measurement requirements for cells on 3rd SCC with activated SCell. We don’t see any benefit of relaxing measurement delay requirements for 3rd SCC with activated SCell in terms of UE power consumption. This is because the UE RF front end is active all the time for the activated SCell. Furthermore we have identified considerable negative impact on the system performance in case the measurement requirements are relaxed as proposed in [1]. Therefore measurement delay requirements for 3rd SCC with activated SCell are based on those defined with activated SCell. 
4 References
[1] R4-156056, RRM Requirements for CA with 4 or more CCs, Qualcomm Incorporated
[2] R4-155929, Measurement Requirements for 4DL/5DL CA, Alcatel-Lucent

[3] R4-156042, RRM Measurement Requirements for 4 DL CA, Ericsson

[4] R4-156241, 4DL and beyond RRM measurement discussion, Nokia Networks
[5] R4-156177, Measurement Requirements for 3rd and 4th Activated Scells
NTT DOCOMO, INC.
[6] R4-156663, “Way Forward on Measurement Requirements for 3rd and 4th Activated SCells”, Ericsson, Nokia Networks, TeliaSonera, CMCC, Vodafone, Deutsche telekom, Orange, Telecom Italia, Huawei, HiSilicon, CATT, Alcatel-Lucent, China Telecom, SoftBank Mobile.
[7] R4-157836, “Power consumption due to measurements in 4DL CA”, Ericsson
A. Annex 

Table 5.5A-2b: Inter-band CA operating bands (four bands) [TS 36.101, V13.1.0]
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low  –  FUL_high
	FDL_low  –  FDL_high
	

	1-3-19-42
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	

	
	19
	830 MHz
	–
	845 MHz
	875 MHz
	–
	890 MHz
	

	
	42
	3400 MHz
	–
	3600 MHz
	3400 MHz
	–
	3600 MHz
	TDD

	1-19-21-42
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	19
	830 MHz
	–
	845 MHz
	875 MHz
	–
	890 MHz
	

	
	21
	1447.9 MHz
	–
	1462.9 MHz
	1495.9 MHz
	–
	1510.9 MHz
	

	
	42
	3400 MHz
	–
	3600 MHz
	3400 MHz
	–
	3600 MHz
	TDD

	2-4-5-29
	2
	1850 MHz
	–
	1910 MHz
	1930 MHz
	–
	1990 MHz
	FDD

	
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	

	
	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	

	
	29
	N/A
	717 MHz
	–
	728 MHz
	

	2-4-5-30
	2
	1850 MHz
	–
	1910 MHz
	1930 MHz
	–
	1990 MHz
	FDD

	
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	

	
	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	

	
	30
	2305 MHz
	–
	2315 MHz
	2350 MHz
	–
	2360 MHz
	

	2-4-12-30
	2
	1850 MHz
	–
	1910 MHz
	1930 MHz
	–
	1990 MHz
	FDD

	
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	

	
	12
	699 MHz
	–
	716 MHz
	729 MHz
	–
	746 MHz
	

	
	30
	2305 MHz
	–
	2315 MHz
	2350 MHz
	–
	2360 MHz
	

	2-4-29-30
	2
	1850 MHz
	–
	1910 MHz
	1930 MHz
	–
	1990 MHz
	FDD

	
	4
	1710 MHz
	–
	1755 MHz
	2110 MHz
	–
	2155 MHz
	

	
	29
	N/A
	717 MHz
	–
	728 MHz
	

	
	30
	2305 MHz
	–
	2315 MHz
	2350 MHz
	–
	2360 MHz
	


