3GPP TSG-RAN WG4 Meeting #54
R4-100607
San Francisco, CA, USA, Feb 22-26, 2010
Agenda Item:
8.10.1
Source: 
Ericsson, ST-Ericsson
Title: 
Scenarios for Mobility Measurements in Carrier Aggregation
Document for:
Discussion
1  Introduction

Based on the discussion in RAN4#Ad hoc -1, the response LS to RAN2 on the mobility measurements in carrier aggregation scenarios was approved via RAN4 reflector [1]. 
It was pointed out in the LS to RAN2 that RAN4 will further study the scenarios in which the mobility measurements of inactive or non-configured carriers are needed. In this paper we investigate different mobility scenarios in carrier aggregation and the need for mobility measurements from the component carriers other than the anchor or primary one.  
2 Carrier Aggregation Scenarios
In the last RAN4 ad hoc meeting, operator proposed carrier aggregation scenarios for release 10 LTE carrier aggregation WI were presented in [2]. Important observations from the point of view mobility are that these scenarios include:
· Intra-band  aggregation scenarios:

· Two or three contiguous component carriers 
· Inter-band  non-contiguous carrier aggregation scenarios:

· Scenarios in which the two component carriers belonging to the two bands have very similar coverage (e.g. F1 on band 38; F2 on band 40 )
· Scenarios in which the two component carriers belonging to the two bands have very different coverage (e.g. F3 on band 7; F4 on band 20) 
3 Analysis of Mobility Scenarios
We analyze the following two different scenarios:

· Carriers with same or similar coverage

· Carriers with substantially different coverage

3.1 Carriers with same or similar coverage
Let us assume a carrier aggregation scenario with two component carriers (F1 and F2) in total (i.e. including an anchor or primary carrier). Furthermore F1 and F2 may belong to the same frequency band addressing the contiguous carrier aggregation scenarios or belong to the frequency bands with similar propagation conditions, hence:

F1 ( F2 e.g. F1 = 700 MHz; F2 = 800 MHz

We further consider two different cases in terms of mobility decisions:

· Anchor carrier based mobility scenario
· Advanced mobility scenario

Anchor carrier based mobility
This is the baseline mobility scenario in which we assume that the network takes the mobility decisions based only on measurements done on the anchor carrier. It is up to the network to decide which of the two component carriers should be configured as the anchor carrier. Hence depending upon the network implementation either F1 or F2 can be the anchor carrier. For mobility purpose it is sufficient that the network obtain mobility measurements done only on the anchor carrier. Furthermore to achieve release 8 performance the measurements should be done without gaps i.e. equivalent to intra-frequency measurements. Indeed the measurements on the anchor carrier are carried out without gaps. In this particular scenario the measurements from non-anchor component carrier may still be needed for example to change the anchor from F1 and F2. However, it is not necessary to obtain faster measurements from the non-anchor carrier. Thus measurement on the non-anchor carrier carried out in the gaps would be sufficient. 
Advanced mobility scenario: all carriers used for mobility
In this scenario we assume that the network performs mobility based on measurements from both component carriers i.e. F1 and F2. This scenario is particularly useful in situation when there is difference in interference on different component carriers. For instance this may lead to marked differences in RSRQ measured on the two different component carriers. Hence this scenario requires that measurements from both F1 and F2 are carried out with same intensity and are available as soon as necessary e.g. upon triggering of an event. 

It is possible that the non-anchor carrier is temporarily deactivated by the network and hence no monitored by the UE for PDCCH/PDSCH reception. Therefore in this scenario we observe that faster mobility measurements (i.e. without gaps) are needed on both anchor and non-anchor carriers even though the latter may be deactivated. 
Overall Conclusion on Scenarios in 3.1: In carrier aggregation scenarios comprising of component carriers with similar coverage, the mobility measurements on all configured component carriers without gaps are needed even if a component carrier is deactivated by lower layers or PDCCH/PDSCH monitoring.
3.2 Carriers with substantially different coverage

Let us assume another carrier aggregation scenario with two component carriers (F3 and F4) in total (i.e. including an anchor or primary carrier). The difference in coverage of F3 and F4 is assumed to be very large e.g. in the order of 6 dB or more. Thus they typically belong to different frequency bands with significant differences in the propagation conditions, hence:

F3 >> F4 or F3 << F4 e.g. F3 = 2600 MHz; F4 = 800 MHz

We further consider two different cases in terms of mobility decisions:

· Anchor carrier based mobility scenario

· Mobility based on carrier with best coverage 
Anchor carrier based mobility:
As described in section 3.1 that depending upon the network implementation either F3 or F4 can be the anchor carrier. Apparently for mobility purpose it is sufficient that the network obtain mobility measurements without from the anchor carrier i.e. to achieve mobility performance equivalent to that of release 8 intra-frequency measurements. 
However it is important to note that due to the differences in the coverage of F3 and F4, typically the network will intend to ensure that the carrier wither better coverage (e.g. F4= 800 MHz) is the anchor carrier at least when the UE moves closer to the cell border. 

Let is assume that UE is closer to the base station and F3 (e.g. 2600 MHz) is the anchor carrier. The UE moves towards the cell border, where it is beneficial to change the anchor carrier frequency from F3 to F4 (e.g. 800 MHz). In order to quickly change the anchor from F3 to F4 in this example, the network requires faster measurements (i.e. same measurement performance on both anchor and non-anchor carriers). This in turn requires that mobility measurements are carried out on anchor and non-anchor carriers without gaps. 
Mobility based on a carrier with best coverage:
In this scenario we assume that the network performs mobility based on the carrier which has the best coverage e.g. F4 = 800 MHz. However the carrier with the best coverage may not always be the anchor carrier. For instance the network may split UEs on anchor carriers belonging to different bands i.e. some UEs with anchor carriers on F3, whereas the remaining ones with their anchor carriers on F4. Hence for the UE whose anchor carrier is F3 (i.e. 2600 MHz), the network will require UE to report faster measurements (i.e. without gaps) from carrier F4 in order to achieve release 8 intra-frequency mobility performance. The measurements without gaps are to be performed by the UE over carrier F4 even if it has been deactivated by the network.   
Overall Conclusion in Scenarios in 3.2: In carrier aggregation scenarios comprising of component carriers with large difference in their coverage, mobility measurements on all configured component carriers without gaps are needed even if a component carrier is deactivated by lower layers or PDCCH/PDSCH monitoring.
4 Conclusion
In this paper we have analyzed various mobility scenarios likely to be used in practical carrier aggregation deployment scenario. Based on this analysis we conclude that from the perspective of mobility it is highly beneficial in both contiguous and inter-band carrier aggregation scenarios, that UE performs measurements on all the configured component carriers without measurement gaps. However, one or more of the configured carriers over which the measurements are to be carried out without gaps may also be deactivated by the lower layers.  
5 References

[1] R4-100247, “LS on mobility measurements for carrier aggregation”, RAN4 LS to RAN2.
[2] R4-100220, “LTE-A deployment scenarios”, NTT DOCOMO, Deutsche Telekom, TeliaSonera, US Cellular, CMCC, AT&T, KDDI, Telecom Italia, Orange
Annex A [2]:

Intra-band Contiguous CA:

FDD: UL: 40 MHz, DL: 40 MHz in Band 3 (1800 MHz)

TDD: UL/DL: 50 MHz in Band 40 (2300 MHz)

Inter-band Non-contiguous CA:

Region 1:

· 40 MHz UL/DL: 20 MHz CC (Band 7) + 20 MHz CC (Band 20)

· 40 MHz UL/DL: 20 MHz CC (Band 3) + 20 MHz CC (Band 20)

· 40 MHz UL/DL: 20 MHz (Band 7) + 20 MHz CC (Band 3)

Region 2:

20MHz UL/DL: 10 MHz CC (Band 5) + 10 MHz CC (Band 12), FDD

10MHz UL/DL: 5MHz CC (Band 17) + 5MHz CC (Band 4), FDD 

20MHz UL/DL: 10MHz CC (Band 2) + 10 MHz CC (Band 4), FDD

Region 3:

20 MHz UL/DL: 10 MHz CC (Band 1) + 10 MHz CC (Band 18/19)

40MHz UL/DL: 20 MHz CC (Band 38) + 20 MHz CC (Band 40)
