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1. Introduction
On the last RAN2 meeting, the issue of measurement gap in uplink was mentioned in the draft CR [1]. To make this issue more clear, in this contribution, we will give the analysis in detail and propose to make it clear in the specification. 

2. Discussion
2.1. Background
For TDD, the measurement gap in uplink is described in specification [2]:
	In this specification, the subframes which cannot be used for transmission according to subclause 8.1.2.1 of [9] are also considered as part of measurement gaps in uplink. Measurement gaps are defined in [9].


As described above, the measurement gap in uplink includes the subframes which can not be used for transmission as described in specification [3]:
	During the measurement gaps the UE:

-
shall not transmit any data 

 -
is not expected to tune its receiver on the E-UTRAN serving carrier frequency.

In the uplink subframe occurring immediately after the measurement gap,

-
the E-UTRAN FDD UE shall not transmit any data

-
the E-UTRAN TDD UE shall not transmit any data if the subframe occurring immediately before the measurement gap is a downlink subframe.


According to the above description, it is obvious that the measurement gap in uplink is related to the TDD configuration. If UE aggregated cells with different TDD configurations, the measurement gap in uplink on each aggregated cell may be different according to the above specifications, which can be shown in Figure1.
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Figure1.  Measurement gap in uplink for cells with different TDD configurations
Since the measurement gap in uplink impacts the uplink transmission in MAC in the following aspects:
· Determine the next available PRACH subframe;
· UL transmission indicated by configured uplink grant and non-adaptive uplink retransmission;
· D-SR transmission is not allowed;
· For the UL transmission in measurement gap, CURRENT_IRV will not be incremented by 1.
Thus it must make clear how to define the measurement gap in uplink for UE with different TDD configurations; otherwise the UE behaviors in MAC specification will be unclear.
2.2. Analysis

How to define the measurement gap in uplink for UE with different TDD configurations can be analyzed for half-duplex and full-duplex UE separately.
Case1: half-duplex UE
For half-duplex UE, since UE can not transmit and receive simultaneously, the measurement gap in uplink must be UE-specific and its length should be decided according to the actual transmission direction of the overlap subframes as below. 

· Case1.1: the actual transmission direction of conflicting subframes follows PCell
In this case, the UE-specific measurement gap in uplink is decided by the TDD configuration of PCell. That is to say the measurement gap length in uplink equals to MGL+1 if the subframe before the measurement gap is downlink and after the measurement gap is uplink on PCell; otherwise, the measurement gap in uplink for UE will equal to MGL. As shown in the following Figure2.


[image: image2.emf]D S U D U U

U U

D D D D D S U U U

D S U U U D S D U U D S U

SCell

：

TDD UL/DL

配置

3

PCell

：

TDD UL/DL

配置

6

Measurement gap in uplink

for UE

U U D S U U U D S D U U D S U

UE actual 

transmission 

direction


Figure2.  UE specific measurement gap in uplink (direction of conflicting subframes follows PCell)
· Case1.2: the actual transmission direction of conflicting subframes depends on scheduling

In this case, the UE-specific measurement gap in uplink is decided by actual transmission direction. That is to say the measurement gap length in uplink equals to MGL+1 if the suframe before the measurement gap is not scheduled for uplink transmission while the subframe after the measurement gap is scheduled for uplink transmission, otherwise, the measurement gap in uplink for this UE will equal to MGL. As shown in the following Figure3.
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Figure3.  UE specific measurement gap in uplink (direction of conflicting subframes follows scheduling)
According to the above analysis, it is proposed:
Proposal 1: For half-duplex UE, measurement gap in uplink is UE-specific and dependent on the actual transmission direction of subframes immediately before and after the measurement gap.
Case2: full-duplex UE
For full-duplex UE with different TDD configurations, two RF chains will be used. Thus, there are two alternatives to determine the measurement gap as described in [4].
· Alt1: Measurement gap is handled per UE;
· Alt2: Measurement gap is handled per TDD configuration.
If Alt1 is adopted, the measurement gap in uplink can be handled either per UE or per TDD configuration. Since the measurement gap in downlink is handled per UE, it means the resource utilization improvement during measurement gap does not need to be considered, thus the measurement gap in uplink can also be handled per UE and its length should be the maximum value in uplink of all serving cells.
If Alt2 is adopted, when measurement gap happens, the measurement gap is only on the SCells with secondary TDD configuration, and the transmission on serving cells with primary TDD configuration is not impacted. Thus the length of the measurement gap in uplink is dependent on the secondary TDD configuration.

Proposal 2: For full-duplex UE, RAN2 is proposed to choose one solution for determining the measurement gap in uplink from the following two solutions:

· Option1: following the union of the measurement gap in uplink on each serving cell;
· Option2: determined by the secondary TDD configuration.

3. Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: For half-duplex UE, measurement gap in uplink is UE-specific and dependent on the actual transmission direction of subframes immediately before and after the measurement gap.
Proposal 2: For full-duplex UE, RAN2 is proposed to choose one solution for determining the measurement gap in uplink from the following two solutions:

· Option1: following the union of the measurement gap in uplink on each serving cell;
· Option2: determined by the secondary TDD configuration.
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