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1 Introduction

[1:36.133] defines the uplink measurement gap as below.
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The time period that UE does not transmit is longer than the time period that UE does not receive. This difference is because uplink transmission is shifted forth in time domain by the amount of TA. If the measurement gap is formed over sf [n] ~ sf [n+5], the uplink subframe occurring immediately after the measurement gap (e.g. sf[n+6]) starts before the last downlink subframe of the measurement gap (e.g. sf[n+5]).
In TDD case, it is a bit more complex. In the next section, uplink measurement gap in TDD will be discussed first, and then how to define it in inter-band different UL-DL configuration CA will be discussed.

2 Discussion
Uplink Measurement Gap in TDD
The reason of the uplink measurement gap being different from the downlink measurement gap is in principle same as FDD. One difference is that U and D are switching in the same radio frequency; upon switching, frame timing is adjusted. 
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Fig 1

Upon D to U switching at S, U subframe is shifted forth by TA. Upon U to D switching, D subframe is shifted back by TA. Depending on the number of switching points, the subframe occurring immediately after the measurement gap may or may not invade 6 ms time period. 
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If 6 ms time span contains more D to U switching than U to D switching, the subframe immediately after the measurement gap invade the 6 ms time span as in case a). Otherwise, the subframe immediately after the measurement gap does not invade the time span as in case b).
Somehow, case a) happens only when the subframe before the measurement gap is D. So the ‘strange at the first glance rule’ for TDD uplink measurement gap was defined. 
The rule applies very well for non-CA case. The question is what if in the CA with different UL-DL configurations.
Uplink Measurement Gap in CA with different UL/DL configuration
If UL/DL configuration is different between the serving cells, it is possible that the subframe immediately before the MG of a serving cell is D while other is not. The question would be then whether or not UE is allowed to do uplink transmission at the subframe immediately after the MG. 
Assuming that propagation delay difference is negligible, a simple mimic of already existing rule would be as below.

============== Possible Text for the first alternative ==============
If one serving cell is configured, 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.

If more than one serving cells are configured, in the uplink subframes occurring immediately after the measurement gap,

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

-
the E-UTRAN TDD UE, if all the serving cells have the same UL-DL configuration, shall not transmit any data if the subframe occurring immediately before the measurement gap is a downlink subframe.
-
the E-UTRAN TDD UE, if the serving cells have the different UL-DL configurations, shall not transmit any data if the subframe of any serving cell occurring immediately before the measurement gap is a downlink subframe.
=======================================================
The first alternative could be considered as inefficient for HD TDD UE, where the subframe type of PCell is what is concerned. The type of SCell’s subframe immediately before the MG would not matter, so not allowing to transmit when PCell’s subframe immediately before the MG is not D would be illogical. Then one can consider a solution where only PCell subframe is considered.

 ============== Possible Text for the second alternative ==============

If one serving cell is configured, 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.

If more than one serving cells are configured, in the uplink subframes occurring immediately after the measurement gap,

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

-
the E-UTRAN TDD UE, if all the serving cells have the same UL-DL configuration, shall not transmit any data if the subframe occurring immediately before the measurement gap is a downlink subframe.
-
the E-UTRAN TDD UE, if the serving cells have the different UL-DL configurations and UE is able to transmit and receive at the same time, shall not transmit any data if the subframe of any serving cell occurring immediately before the measurement gap is a downlink subframe.
-
the E-UTRAN TDD UE, if the serving cells have the different UL-DL configurations and UE is not able to transmit and receive at the same time, shall not transmit any data if the PCell subframe occurring immediately before the measurement gap is a downlink subframe.
=======================================================
Different UL-DL configuration is applied only for inter-band carrier aggregation. Considering that UE applies separate RF frontend for the serving cells configured in the different bands, it is in principle possible to define uplink measurement gap as serving cell specific. For example,  
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Fig 3

If the serving cell 1 and the serving cell 2 are of different TDD UL-DL configuration, UE runs the separate RFs for each serving cell. Then whichever RF is taken for the inter-frequency measurement, 6 ms time period for the RF is guaranteed if the uplink measurement gap is determined per serving cell. For the serving cell 1where one D-to-U and one U-to-D are in the MG, it is not necessary to restrict UE from using the uplink subframe immediately after the MG because the subframe immediately before the MG was S. For the serving cell 2 1where one D-to-U and no U-to-D are in the MG, UE shall not transmit at the uplink subframe immediately after the measurement gap.
One can wonder whether it is unaligned with the current principle of single measurement gap. Our understanding on the single measurement gap is 1) MG is applied to all serving cells and 2) MG has a single configuration. We believe above approach does not deviate from two principles.

============== Possible Text for the third alternative ==============

In the uplink subframe of a serving cell 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 of the serving cell occurring immediately before the measurement gap is a downlink subframe.

=======================================================
The 3rd alternative does not work if RF is shared by serving cells in the different bands, which is very unlikely but not entirely impossible. 
As seen in the figure 3, it may or may not be possible to transmit at the subframe immediately after the MG depending on when MG has started. If MG has started at serving cell 1’s sf[7] where the subframe immediately before the MG is not downlink subframe, the uplink transmission after MG does not invade 6 ms time period in both cells. If MG has started at serving cell 2’ sf[7] where the subframe immediately before the MG is the downlink subframe, the uplink transmission after MG invades 6 ms time period in both cells. From this observation, a general principle can be drawn such that uplink transmission after MG shall not be performed if the subframe before the MG is downlink subframe in the serving cell where MG starts. The question is based on which serving cell the MG starts.
The starting point of MG is currently defined in 36.331 with only non-carrier aggregation taken into account.  
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Gap starts at a subframe meeting a certain condition. If there are multiple serving cells, there are as many subframes meeting the condition as the number of serving cells. It is because of either propagation delay difference between the serving cells or the difference on the number of switching points in a given time frame between the serving cells as shown in Fig 3. 
It is anyway needed to clarify based on which serving cell’s subframe the gap starts. One simple approach would be to starts based on PCell’s subframe. For the general carrier aggregation cases (so a bit deviated from the current discussion topic), it is proposed;

Proposal 1: gap starts at an SFN and subframe of PCell meeting the condition specified in 5.5.2.9. 

A draft CR to 36.331 is in [1].
Back to the inter-band uplink measurement gap discussion, if the proposal 1 is agreed, MG starts at the subframe boundary of PCell; if so then one simple approach would be to refer to PCell’s subframe immediately before the MG in determining whether to perform uplink transmission after MG or  not. 
============== Possible Text for the 4th alternative ==============

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 PCell subframe occurring immediately before the measurement gap is a downlink subframe.

=======================================================
3 Conclusion
Table 1 summarized each approach

<Table 1>

	
	Full Duplex UE
	Half Duplex UE
	Limitation

	Alt 1
	no uplink tx at sf[n+6], if any sf[n-1] is D
	Sometimes Undesirable behaviour (i.e. depending on the serving cell where MG starts, uplink transmission may not need to be limited)

	Alt 2
	no uplink tx at sf[n+6], if any sf[n-1] is D
	no uplink tx at sf[n+6], if PCell sf[n-1] is D
	Same as above

	Alt 3
	no uplink tx at sf[n+6] of serving cell x, if sf[n-1] is D at serving cell x.
	Does not work if RF is shared by serving cells

	Alt 4
	no uplink tx at sf[n+6], if PCell sf[n-1] is D; MG starts at the subframe boundary of PCell
	


It is proposed to discuss each alternative. If RAN2 make a consensus, it is further proposed to send LS to RAN1 and RAN4 to inform RAN2 preference. 
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R2-130097
Determining measurement gap starting position in CA
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