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1. Introduction
RAN sent an LS to RAN4 in [1] which reqiuested the following action from RAN4. This contribution discusses aspects relating to the definition of CSG reselection requirements, and an initial draft CR to give an indication of how we envisage that the requirements might be specified in TS25.133 and TS36.133 is provided in [2].
2. Discussion
The release 8 work item for support of UTRA HNB was introduced in [3]. The justification for the work item is given in the WID as
Considering now the additional requirements which should be defined in RAN4, it is very important to carefully ensure that the possibility for good UE battery life in dense CSG deployments is maintained, and this aspect of the justification of the release 8 work is not negated. It would clearly be counterproductive if any additional requirements took away the possibility of good UE power consumption improvements brought by autonomous CSG search compared with pre-release 8 solutions
The discussion of this aspect already started in RAN#48, and the liaison statement itself says

 “It should be emphasized that the core requirements and testing are not meant to limit UE implementations to optimise CSG autonomous search. This aspect should be carefully taken into account when setting the value for the time requirement.”

Further, we note that the driver for introducing CSG core requirements is simply to ensure the testability of the feature in RAN5 signalling tests, and our view is that this objective should definitely not compromise the possibilities for good UE battery life.
2.1.1. Power consumption analysis

In this section, we present relative results for UE battery life considering different possible UE HNB search intervals, compared with a baseline case where the UE is not performing searches for HNB. In the analysis of this section, only the battery life impact due to extra receiver activity is considered and the analysis has been performed for UTRA although similar trends may be anticipated for E-UTRA HeNB search.
The main evaluation assumptions are as follows
	Assumptions
	
	

	
	
	

	DRX cycle
	1.28
	

	Paging reception activity
	0.01
	10ms was also used previously in analysis for E-UTRA reselection higher priority search rate

	Average number of CSG cells found per search
	1
	Depends on density of CSG deployment - can also be >1

	Number of carriers on which CSG search is triggered
	1
	Could be >1 if the user has multiple entries in CSG whitelist

	CSG physical cell search time
	0.54
	Including 480ms measurement period and assuming good conditions

	Average CSG SI reception time
	0.6
	Based on work for HNB inbound mobility (rel9) RAN4 concluded that 600ms of total autonomous gaps is needed

	RF fingerprint
	Always matched
	Shows the worst case that a user will experience when they are in the vicinity of their own CSG cell, and the impact of different search rates in this case


Numerical results are given in annex A and the same results are shown in the graph in figure 1.
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Figure 1 : Impact of  different intervals between CSG searches on UE receiver activity
This analysis indicates two general trends
· CSG searches can introduce a significant power consumption penalty, even if they are performed relatively infrequently. This result is not unexpected, since the pre-release 8 solution involving barring the HNB frequency for 5 minutes is also known to cause noticeable battery life degradation. Hence we would suggest that setting a CSG requirement which implies reselection will occur within 5 or even 10 minutes would be too frequent.

· Since there is still some noticeable increase in activity at very long CSG search rates, fingerprinting techniques which have previously been discussed within the context of the work item are a very important part of the autonomous CSG search, although these are not specified by 3GPP and are an implementation matter.
Based on this analysis, we would propose that RAN4 time requirement for CSG searches is around 20 minutes. The RAN LS already provides some ideas to help facilitate UEs which use fingerprinting techniques to pass the test-case, and we agree that the requirement should be applicable only to CSG cells previously visited by the UE under the assumption that the configurations of the CSG cell, such as the location, carrier frequency and physical cell identity, as well as configurations of the surrounding cells have not changed. This should be captured in the final CRs which introduce the requirements. This would still exclude other kinds of  non cellular fingerprinting techniques such as GPS location, but as we do not expect techniques involving GPS to provide for good power consumption, this should be acceptable. The assumption that the macro and HNB environment is unchanged should allow the UE use of some implementation dependent cellular fingerprinting technique which would also be satisfied in the test case.
Proposal 1 : RAN4 time requirement for CSG searches is around 20 minutes

Proposal 2 : the requirement should be applicable only to CSG cells previously visited by the UE under the assumption that the configurations of the CSG cell, such as the location, carrier frequency and physical cell identity, as well as configurations of the surrounding cells have not changed
2.2. User configurable search rate

For other hotspot access technologies such as WLAN, the search rate for hotspots is often made available in the user interface, allowing a degree of configurability and customisation based on user preferences. For example, the commercially available Nokia N900 offers WLAN search intervals of “Never, 5 minutes, 10 minutes, 30 minutes and 60 minutes”.
 In principle, we do not see a reason why similar possibilities could not be extended to the owner of a device which accesses HNB hotspots, and indeed we think it is important that 3GPP hotspot technologies can provide all of the features which are already available with access to non-3GPP technologies.
Such settings however, may interfere with the intent of a RAN5 testcase.  We think this topic would be worthy of further discussion in RAN4 to try to develop requirements which allow the testing can be performed, for example, with default user interface settings assumed, but the user is not precluded from overriding this at some point in the future.
Proposal 3 : It should be discussed if there can be a way to allow implementations that offer the user flexibility in overriding various CSG search settings, while still allowing for a standard requirements in RAN4. 
2.3. Propagation and other radio conditions

Most RRM requirements in TS25.133 and TS36.133 are general requirements which apply in many different kinds of conditions, but considering that fading would put further constraints on UE search intervals and remove some power saving opportunities, we would propose that the new CSG reselection requirement is only applicable for non fading conditions. As already mentioned in the LS from RAN, the requirements should be applicable only in good radio conditions. To avoid any ambiguity about the radio conditions, we would propose that RAN4 develops a core requirements scenario which defines minimum signal levels. Since RAN5 signalling tests do not include an AWGN generator we propose that the RAN4 requirement is drafted in such a way as to avoid the need for explicit addition of AWGN, making it possible to execute the test case on signalling testers without significant upgrades. Similarly the RF levels should allow for large tolerances to avoid the need for carefully calibrated test systems, and we think it would be beneficial to RAN5/SIG if the code channel power settings matched to the defaults which they normally use for other testcases.

This should be sufficient for RAN5 signalling group to develop the needed test cases without unduly constraining UE implementations. 
Proposal 4 :Non-fading conditions are used. RAN4 should draft a requirement scenario to allow use of RAN5 signalling testers which do not explicitly have an AWGN generator or accurately calibrated RF levels, and should use default RAN5 signalling test code channel power settings.
2.4. Other specification aspects

Since this test should be performed in good radio conditions, and is targeted to RAN5/SIG, it should not be necessary to perform statistical testing. This is also necessary in order to ensure a reasonable test time. To avoid any ambiguity that this is an RF/RRM test, the core requirement should not have a corresponding testcase in annex A of 25.133 or 36.133.
As far as the specification process is concerned, RAN5 signalling tests use RAN2 specifications as their core requirements, and do not refer directly to RAN4 technical specifications. Hence, as mentioned in [1], RAN2 should update their specifications so that the requirements defined in RAN4 are referenced. Then it is possible for RAN5/SIG to use RAN2 specifications containing this link as their core requirement for the test.

Proposal 5 : Statistical test methods are not applicable to this test
Proposal 6 : Core requirements are added in 25.133 and 36.133. No corresponding tests are added in annex A

2.5. Interfrequency and InterRAT requirements
It is possible to perform idle mode CSG searches across different RATs. Analysing the various combinations of 3GPP RATs, we have the following observations on the possible areas of applicability of the core requirement

· Reselection to UTRA or E-UTRA CSG cell from GERAN source RAT : Autonomous CSG search functionality is specified in section 6.6.7 of  GERAN specification TS45.008 [4], and hence GERAN would be the relevant group to consider the need for any additional requirement and testing of this functionality. The RAN liaison statement was also sent to GERAN to ensure that they are aware of this issue and consider it in their work.
· We think RAN4 could specify requirements for the following cases

· 25.133 : UTRA source cell, reselecting to interfrequency UTRA HNB

· 25.133 : UTRA source cell, reselecting to E-UTRA FDD HeNB

· 25.133 : UTRA source cell, reselecting to E-UTRA TDD HeNB

· 36.133 : E-UTRA FDD source cell, reselecting to interfrequency E-UTRA FDD HeNB

· 36.133 : E-UTRA FDD source cell, reselecting to UTRA HNB

· 36.133 : E-UTRA TDD source cell, reselecting to interfrequency E-UTRA TDD HeNB
· 36.133 : E-UTRA TDD source cell, reselecting to UTRA HNB

· We would propose not to test cross-over cases between E-UTRA FDD and E-UTRA TDD, partly to limit test  time, and similarly to the approach that has been taken by RAN4 for RRM tests. To avoid confusion by RAN2 or RAN5 that some test is needed we also propose that there are no core requirements for these cases. Again, this slightly different approach is a consequence of not having an exact definition in 25.133/36.133 annex A of the precise testing to be performed.
3. Conclusions

As noted in [1], requirements for CSG search need to be defined carefully to avoid undue constraint on UE implementation freedom which could limit the benefits of the “Support of UTRA HNB” work item. The intention of the contribution is to provide input on ways in which the requirements might be specified to allow RAN5 to develop test cases without unduly limiting the possibility of UE implementations to optimise CSG autonomous search.  Our initial analysis indicates that the following aspects should be considered
Proposal 1 : RAN4 time requirement for CSG searches is around 20 minutes

Proposal 2 : the requirement should be applicable only to CSG cells previously visited by the UE under the assumption that the configurations of the CSG cell, such as the location, carrier frequency and physical cell identity, as well as configurations of the surrounding cells have not changed
Proposal 3 : It should be discussed if there can be a way to allow implementations that offer the user flexibility in overriding various CSG search settings, while still allowing for a standard requirements in RAN4. 
Proposal 4 :Non-fading conditions are used. RAN4 should draft a requirement scenario to allow use of RAN5 signalling testers which do not explicitly have an AWGN generator or accurately calibrated RF levels, and should use default RAN5 signalling test code channel power settings.
Proposal 5 : Statistical test methods are not applicable to this test
Proposal 6 : Core requirements are added in 25.133 and 36.133. No corresponding tests are added in annex A
Some considerations are also given to different combinations of RATs for which requirements could be defined.

Based on these considerations, we have prepared a draft CR in [2] to indicate how the requirement for UTRA interfrequency CSG autonomous search might be drafted. Since requirements for the large number of other scenarios might look rather similar, we have not drafted these before getting feedback on the initial proposals
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	Time between CSG searches (mins)
	Receiver activity with no CSG search (seconds)
	Receiver activity including CSG search (seconds)
	Receiver activity compared to non CSG case

	1
	0.46875
	1.60875
	343.20%

	2
	0.9375
	2.0775
	221.60%

	3
	1.40625
	2.54625
	181.07%

	4
	1.875
	3.015
	160.80%

	5
	2.34375
	3.48375
	148.64%

	6
	2.8125
	3.9525
	140.53%

	7
	3.28125
	4.42125
	134.74%

	8
	3.75
	4.89
	130.40%

	9
	4.21875
	5.35875
	127.02%

	10
	4.6875
	5.8275
	124.32%

	11
	5.15625
	6.29625
	122.11%

	12
	5.625
	6.765
	120.27%

	13
	6.09375
	7.23375
	118.71%

	14
	6.5625
	7.7025
	117.37%

	15
	7.03125
	8.17125
	116.21%

	16
	7.5
	8.64
	115.20%

	17
	7.96875
	9.10875
	114.31%

	18
	8.4375
	9.5775
	113.51%

	19
	8.90625
	10.04625
	112.80%

	20
	9.375
	10.515
	112.16%

	21
	9.84375
	10.98375
	111.58%

	22
	10.3125
	11.4525
	111.05%

	23
	10.78125
	11.92125
	110.57%

	24
	11.25
	12.39
	110.13%

	25
	11.71875
	12.85875
	109.73%

	26
	12.1875
	13.3275
	109.35%

	27
	12.65625
	13.79625
	109.01%

	28
	13.125
	14.265
	108.69%

	29
	13.59375
	14.73375
	108.39%

	30
	14.0625
	15.2025
	108.11%

	31
	14.53125
	15.67125
	107.85%

	32
	15
	16.14
	107.60%

	33
	15.46875
	16.60875
	107.37%

	34
	15.9375
	17.0775
	107.15%

	35
	16.40625
	17.54625
	106.95%

	36
	16.875
	18.015
	106.76%

	37
	17.34375
	18.48375
	106.57%

	38
	17.8125
	18.9525
	106.40%

	39
	18.28125
	19.42125
	106.24%

	40
	18.75
	19.89
	106.08%


Annex A : Example of additional receiver activity for different autonomous search intervals
RAN4 should:


define a time requirement for a UE to reselect a CSG cell based on CSG autonomous search (in good radio conditions). The requirement should be applicable only to CSG cells previously visited by the UE under the assumption that the configurations of the CSG cell, such as the location, carrier frequency and physical cell identity, as well as configurations of the surrounding cells have not changed.


- 	define radio conditions for such CSG cells, to which the time requirement applies





The RAN2 study on legacy Home NB support for UTRA [R2-075466] concluded that the presently available mechanisms for legacy mobile mobility for UTRA Home NB deployments are not optimal and hence require compromises in deployment. In the case where UTRA and LTE Home NB deployment reach dense levels the effect on RAN & CN signalling load, UE performance and finally UE battery life may become significant.


By implementing specific mobility procedures in Rel-8 mobiles to support a CSG like cell concept, it should be possible to obviate the disadvantages posed by UTRA Home NB deployments for Rel-8 mobiles. As the percentage of Rel-8 mobiles population grows, the signalling load on the network will diminish and user experience can be enhanced.









