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1. Introduction
RAN1 has received a liaison [1] from RAN2, in which RAN2 asks for RAN1’s clarifications on different bandwidth scenarios and UE capabilities. In this contribution, we explain our understanding on the issue. In the contribution, Section 3 indicates a number of general principles and Section 4 describes a number of example bandwidth scenarios. Based on the examples given in Section 4, Section 5 initiates the discussion on the minimum UE capability w.r.t. the number of RFs and number of FFTs. It is proposed to use the appropriate parts of the contribution for the reply to RAN2. 
2. Terminology

The following terminology is used in this contribution:

CAPSA:
Spectrum allocation bandwidth capability of the UE (e.g. 10MHz, 20MHz)

CAPRF:
Indicates how many parallel RF front-ends the UE is able to operate in parallel (1, 2, …). 

CAPFFT:
Indicates how many parallel FFTs the UE can operate in parallel (1, 2, ...). The FFT size of each FFT is assumed to be in line with the CAPSA.

Ccamp:
Cell the UE is camping on

Cneigh:
Cell neighbouring Ccamp
SAcamp:
Spectrum allocation of the camped cell

SAneigh:
Spectrum allocation of neighbouring cell 

SARF:
Spectrum allocation received by the UE
The complete UE capability relevant for this discussion can be indicated by (CAPSA, CAPRF, CAPFFT). For example,  a simple UE would have (10MHz,1,1).

3. Principles

The following principles form the basis of the description of the example cases in Section 4:
1) In order to limit out-of-band reception, a UE will always tune its RF reception bandwidth to the spectrum allocation (SA) of the camped cell:

a. CAPSA >= SAcamp

UE will set SARF = SAcamp
b. CAPSA < SAcamp

UE will set SARF = CAPSA which would belong to a part of the SAcamp
(e.g. as specified by the specification or instructed by the network)

2) If the subcarriers of Ccamp and Cneigh are not on the same 15kHz-grid (i.e., the distance between any subcarrier of Ccamp and any subcarrier of Cneigh is not a multiple of 15KHz), only a UE with a minimum capability of (x, 2, 2) can synchronize to the SCH of Cneigh and obtain the BCH from Cneigh without any activity gaps in Ccamp.
Note: 
In the examples in Section 4, we only describe cases in which Ccamp and Cneigh subcarriers meet this requirement, since it is assumed that neighbouring handover and cell reselection candidate cells will always meet this requirement in real-life networks.

3) If the spectrum allocation of Ccamp and Cneigh is the same, but the OFDM symbol timing of Ccamp and Cneigh is not synchronized, the UE needs to have 2 FFTs in the receiver to detect the SCH of Cneigh and obtain the BCH from Cneigh without any activity gaps in Ccamp.

Note: 
Both synchronous and asynchronous scenarios are considered in Section 4, since we assume that both cases may occur in real-life networks (i.e. inter Node B synchronization is not a prerequisite for handover and cell reselection).

4. Examples

Table 1 shows 8 example bandwidth scenarios. For each scenario, the minimum required UE capability is indicated, which would allow the UE to synchronize to the neighbouring cell, perform cell strength measurements and obtain the BCH information without requiring any activity gaps in the camped cell.
Figure 1 explains the notation used in Table 1.
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Figure 1: Notation

	
	Spectrum allocation scenario
	UE capability requiring no gap
(CAPSA,CAPRF,CAPFFT)
	Comment

	1
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	(x, 1, 1)
	One RF and one FFT is sufficient to enable the UE to detect the SCH and acquire the BCH from the neighbouring cell.

	2
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	(x,1,2)

	One RF and two FFTs are required to enable the UE to detect the SCH and acquire the BCH from the neighbouring cell.

	3
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	(x,1,1)
	It is assumed that the unwanted reception from outside the band occupied by Cneigh does not pose a significant problem for acquiring SCH and BCH of Cneigh. Thus, no second RF is required.

	4
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	(x,1,2)
	One RF and two FFTs are required to enable the UE to detect the SCH and acquire the BCH from the neighbouring cell.

It is assumed that the unwanted reception from outside the band occupied by Cneigh does not pose a significant problem for acquiring SCH and BCH of Cneigh. Thus, no second RF is required.


	
	Spectrum allocation scenario
	UE capability requiring no gap
(CAPSA,CAPRF,CAPFFT)
	Comment

	5
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	(x,1,1)

or

(x,2,2)
	(x,1,1) is sufficient only if the SCH and BCH in Cneigh are within SARF. Otherwise (x,2,2) is required.
Since the UE tunes its SARF to the SAcamp, this situation is not much dependant on the CAPSA. E.g., a 10Mhz UE and a 20Mhz UE will have the same “gap requirement” when camping in a 1.25Mhz cell. Stated differently, a CAPSA beyond SAcamp will not improve the situation.

	6
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	(x,1,2)

or

(x,2,2)
	(x,1,2) is only sufficient if the SCH and BCH in Cneigh are within SARF. Otherwise, (x,2,2) is required.

Since the UE tunes its SARF to the SAcamp, this situation is not much dependant on the CAPSA. E.g. a 10Mhz UE and a 20Mhz UE will have the same “gap requirement” when camping in a 1.25Mhz cell. Stated differently, a CAPSA beyond SAcamp will not improve the situation.

In any case, 2 FFT’s are required due to non-aligned timing.

	7
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	(x,2,2)
	Since the UE tunes its SARF to the SAcamp, this situation is not dependant on the CAPSA. E.g., a 10Mhz UE and a 20Mhz UE will have the same “gap requirement” when camping in a 1.25Mhz cell. Stated differently, a CAPSA beyond SAcamp will not improve the situation.



	8
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	(x,2,2)
	Since the UE tunes its SARF to the SAcamp, this situation is not dependant on the CAPSA. E.g., a 10Mhz UE and a 20Mhz UE will have the same “gap requirement” when camping in a 1.25Mhz cell. Stated differently, a CAPSA beyond SAcamp will not improve the situation.




Table 1: Example bandwidth scenarios
5. Minimum UE capability

From the examples in Section 4, we can see that a UE with a minimum UE capability of (x,1,1) will be quite limited in the type of neighbouring cells that it can handle without requiring activity gaps to the Ccamp.

RAN1 has been requested to discuss whether it would be acceptable from a system point of view that even neighbouring cells with the same spectrum allocation would require activity gaps if these cells are not synchronized to the camped cell [1]. If this is not acceptable, a minimum capability of (x,1,2) should be required.
One could even discuss whether in general a UE capability of (x,2,2) should not be specified as the minimum capability. If we want to be able to handle MBMS transmissions quite separately from unicast transmissions, and MBMS transmissions could even be in another carrier, a minimum capability of (x,2,2) would be required. As long as MBMS transmissions would leave sufficient gaps for handling neighbouring cell measurements, the second RF/FFT could be used for neighbouring cell measurements, independently of the unicast transmissions going on in downlink in parallel with the MBMS..
6. Proposal

We propose:

· To use Sections 2, 3, 4 for preparing the reply to RAN2 for the liaison [1]
· To decide baseline assumptions on the minimum UE capability with respect to the number of RFs and FFTs in the receiver.
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