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1. Introduction

As indicated in [1], the Rel-8/9 method of indicating the need for measurement gaps as part of the UE capability already has a theoretical limitation: In case some band is supported by more than one receiver bank, there is an ambiguity as to when measurement gaps would be needed if that band is involved.  
If the current approach is applied with Carrier Aggregation in Rel-10, it is more likely to cause reduced throughput as all measurements done by applying measurement gaps may not really require measurement gaps. In [1], possible approaches to tackle this issue were listed. 

In this paper, we give our analysis of the options in [1] and propose the most reasonable option as the way forward for this issue.
2. Discussion

2.1. Need for Measurement gaps in CA
The UE may have multiple receiver banks, in which a receiver bank may support multiple bands, and some bands may be supported by multiple receiver banks. Measurement gaps are needed when for the measured band, the same receiver bank is used as for the serving band. 
For Carrier Aggregation in Rel-10, it is more likely that measurement gaps will be required more often, with more CCs active simultaneously. However applying gaps with the current method will reduce throughput. Therefore, ‘how to indicate the need for measurement gaps, so that it will not unnecessarily reduce throughput’, is more relevant an issue.

In [1], the available alternatives for indicating the need for measurement gaps were given as follows:

	
	Pro
	Con

	A. Maintain current signalling
	No specification impact
	Excessive measurement gaps applied, even when measurement without a gap would be possible

	B. Expand capability signalling to cover all combinations of bands
	Maintains current capability model
	Signalling size for UEs supporting many bands; does not cover some cases of mixed inter- and intra-band CA accurately

	C. Indicate need for gaps after reconfigurations
	Good accuracy and avoidance of unnecessary gaps; low signalling overhead
	Change to current model with need for gaps in UE capability

	D. Specify UE reallocation of resources to minimise need for gaps
	Minimises gaps by definition
	Requires new signalling, higher complexity for UE and network


Table 1: Alternatives for indicating measurement gaps from [1].
2.2. Analysis
In current Rel-8/9 mechanism for indication of need for gaps, in the UE-EUTRA-Capability IE, the parameter interFreqNeedForGaps indicates, for each operating band, the need of gaps for measurement of each supported band [3]. This is typically static information. For Rel-10, with possible dynamic CA configuration changes, our analysis of the alternatives in Table 1, is given below.
Option A: Maintain current signalling.

For Rel-10, with max 18 E-UTRA bands for FDD [4], depending on the max number of bands supported in a UE and with different UE receiver architecture, with more carriers considered for CA, the amount of avoidable measurement gaps (i.e., resource wastage) increases.
If UE is operated for single carrier(i.e. non-CA mode), this UE may be able to measure the inter-frequency without measurement gaps by using un-used receivers. In addition, with frequent dynamic changes to CC configurations in CA mode, it is evident that it is not suitable enough to have the current signaling method of Option A, in which need for measurement gaps for combinations of bands is neither directly indicated, nor dynamically updated. So, to reduce wastage for CA capable UE, CC specific gaps will be suitable.
Option B: Expand capability signalling to cover all combinations of bands


For Rel-10, with max 18 E-UTRA bands for FDD [4], depending on the max number of bands supported in a UE and with different UE receiver architecture, the size of the signaling message to send the UE Capability to the network can become very large, especially with more carriers considered for CA. With Support for up to 64 bands in ASN.1, when more bands are supported, the scale of this problem worsens.
This will make the size of signalling message to send UE capability very large. 
Option C: Indicate need for gaps after reconfigurations

In this method, UE indicates the need of gaps in RRCConnectionReconfigurationComplete message.

This can be integrated into the current system without major changes, but at the same time, this method can be employed as part of a less wasteful way of doing measurements, especially for the CA case, with better use of available resources.
In CA, whenever a frequency (SCC) is being allocated, UE can look at the combinations of allocated frequencies from the network, and the receivers to which they are assigned by the UE, and then indicate the need for gaps in inter-frequency measurement, to the network. 
Option C has a drawback that eNB has to send RRC reconfiguration message twice: Once for Carrier Aggregation configuration before measurement is started, and then for measurement gaps configuration, after UE indicates need for gaps.
Option D: Specify UE reallocation of resources to minimise need for gaps

This method as proposed will need much changes and is more complex to implement for both UE and network. In this, UE has to indicate the grouping of bands according to its receiver structure and based on that the network has to decide about mapping serving and measured bands.

The inputs and signalling/processing required for the total minimisation of gaps as suggested by Option D would be: 

i. UE Receiver chains and bands in each ( this need to be sent to the network, so additional signalling requirement)

ii. Serving SCCs (known at RRC Reconfiguration when adding/removing an SCC)

iii. The actual frequencies/bands to be measured 

iv. With the above inputs, the network has to calculate the gaps required (so additional processing requirement)
v. Even after receiving the measurement request, UE will have to do some processing to assign the SCCs  and the measured frequencies to the receivers, to minimize the gaps, as was calculated by the network. Otherwise network has to include the mapping in the signalling. (Therefore either duplication of processing in both eNB and UE to find mapping info, or, increased size of measurement configuration, which includes mapping info from eNB)
Compared to this, Option C has: 

· Only marginal extra information to be added in RRCConnectionReconfigurationComplete message to the Network. No other changes required in the downlink signalling. If the RRCConnectionReconfiguration message is only assigning or removing an SCC, or PCC and SCC combination (with no gaps), then in the corresponding Complete message, UE could indicate which bands need measurement gaps.
· Much less complexity
· Flexibility for the UE, after CA configuration, to optionally do the dynamic mapping of CCs to receivers before indicating the need for gaps to eNB.
Thus, it is clear that using the new method proposed under Option C, there is some amount of minimisation of gaps for CA, without the need for UE to indicate its grouping of bands or receiver structure, and without the network having to process such details. 
So, we propose to go for Option C in [1], for UE to indicate need for gaps after reconfigurations in CA.

Proposal 1:  UE should indicate need for gaps after reconfigurations in CA, in RRCConnectionReconfigurationComplete message
3. Conclusion

Based on our analysis of the alternatives in [1], we propose the following:
Proposal 1:  UE should indicate need for gaps after reconfigurations in CA, in RRCConnectionReconfigurationComplete message
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5. Annex

Usage of Measurement Gaps in Different Gap Management Options (A, C and D)
In our examinations we simulated option A, C and D. 

In order to compare the results we used the same parameters: 

1. The number of receivers in a UE (N) varied between 2 and 6, 
2. The number of available CC bands (K) changed between 2 and 10.
3. The third parameter M was the number of CC bands actually used
For Options A and C, allocation of bands to receivers is done randomly. For Option D, where the carrier allocation is done to minimize gaps.

The number of necessary gaps was calculated of each (K, N) combination; however the number of bands used actually was continuously changed. In one step we got the number of gaps. The operation was repeated 1000 times and the mean value (expected value) was calculated for (K, N) combinations. Moreover, based on this mean value and the total number of cases the results were expected in percents. The following figures show the gaps percentage according to the number of available CC bands and the number of receivers in UE. Thus one can compare the performance of the three analyzed methods and, for instance, decide which method is more efficient in a given (K, N) combination.
We assume that in case of different gap management options the measurements are performed in different percents of the available gaps (the gaps have a given duration with a given periodicity). 
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Figure 1. Used Gaps in Option A
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Figure 2. Used Gaps in Option C
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Figure 3. Used Gaps in Option D


























































































































































































































































































