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1 Introduction

A baseline for control of measurement gap control has been agreed and is present in both the Stage 2 and RRC specifications (ref. [1] and [2]). It is clear that eNB allocates gap patterns to the UE.
However, some open issues remain, for example:

1) The use of RRC or MAC to control gap patterns or gaps 

· Ref [2] section 4.4 clearly states that RRC configures “gaps”, but ref. [1] allows additional MAC control, at least for the inter-RAT case
2) Same or separate command for gap configuration and measurement configuration 

· Ref [2] section 5.3.3: “It is FFS if the configuration of scheduling gaps is part of the measurement configuration, part of the radio resource configuration or a separate information element”)
3) Use of “individual” gap allocation to optimize the gap patterns.
4) Number of simultaneously activated gap patterns

5) The interaction between DRX and gaps (plus measurement reporting)<?>

6) Continuation of gaps and measurement after handover
This document discusses the issue 1 above.
As a reference, ref. [1] states:

· Intra-LTE: “A gap assisted measurement is a measurement on a cell that does require transmission/reception gaps to allow the measurement to be performed. Gap patterns (as opposed to individual gaps) are allocated by E-UTRAN to UEs”. 
· Figure 10.1.2.1 includes step1 “Measurement Control” with no further clarification. Section 10.1.3 clearly describes which cases require gaps (except for scenario C). 
For inter-frequency case section 10.1.3.2 says: “UE may need to perform neighbour cell measurements during DL/UL idle periods that are provided by DRX or packet scheduling (i.e. gap assisted measurements)”

· Inter-RAT: “In RRC_CONNECTED state, a UE shall follow the measurement parameters specified by RRC or MAC commands (FFS) directed from the E-UTRAN (e.g. as in UTRAN MEASUREMENT_CONTROL). 
UE performs inter-RAT neighbour cell measurements during DL/UL idle periods that are provided by the network through suitable DRX/DTX period or packet scheduling if necessary”

2 RRC or MAC control of gap patterns and gaps

2.1 Gap Patterns

Configuration

Setting up gap patterns is a relatively infrequent activity, i.e. there are typically many seconds between setup/modification/termination of gap patterns. Hence control messages need not be highly size-optimized.
Note: we exclude the handover case in the current discussion.

Reliable control of gap patterns, also in poor radio conditions, is essential for good system (retainability) performance. This suggests the use of RRC signalling (using RLC-AM) and not MAC signalling.
Proposal: RRC Control shall be used for configuration/modification/deletion of gap patterns.

Gap pattern configurations consist of: 

A. gap length (subframes), 

B. gap period (probably an integer number of frames) and 

C. gap position (number for the first subframe of the gap) 

It is assumed that configured gap pattern configurations remain until terminated, even if it is decided that no gaps are required below a certain DRX activity level.

Start and stop

Gap patterns also start and stop, i.e. are actived/deactivated. We consider the start and stop times which are signalled to the UE; the actual generation of gaps (i.e. scheduler avoids using some UL/DL TTIs) may start earlier. Starting and stopping could be performed by:
1 A measurement command (assumed to be part of same RRC CONNECTION RECONFIGURATION, which configures the measurements and gap pattern, since a separate message would only add delay)

2 MAC control element signalling of start/stop for the entire gap pattern

3 PDCCH signalling of individual gaps (or individual TTIs of gaps)
In the following we will compare the three alternatives above.

In alternatives 1 and 2 there will be a time uncertainty when the pattern starts, due to varying transmission delay (HARQ and/or RLC retransmissions). See Figures 1 and 2 below.
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Figure 1. Gap Pattern Start procedure using RRC
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Figure 2 Gap Pattern Start procedure using MAC

This uncertainty in activation time causes a small waste of resources. It may be reduced by either (a) trying to align the gap generation with the start message (with some risk of poor measurements if interfered by data) or (b) defining a “Pattern Start Time” using SFN (with added complexity) or (c) starting the pattern when it can be assumed that the UE has received the setup message, i.e. a HARQ ACK is received. However, the loss of resources is small and limited to the specific UE, so it is questionable if any optimization is needed.
A more serious issue is the risk of errors. Comparing RRC and MAC control, MAC has a noticeable risk of approximately 0.1% that the gap pattern start message does not reach the UE (See Annex B of Ref. [1]). In case MAC control shall be used, a recovery mechanism for this error case is needed. Three methods are:
a If the UE does not receive a “gap pattern start”message within a time-out after either the Measurement Report, which caused the new measurement or the UE or after the reception of the gap pattern configuration, then an RRC message is sent. This may be the original Measurement Report, numbered 1 in the figures, or a new RRC “reminder report”.

b A MAC acknowledgement message is added 

c The UE has an autonomous detection of the pattern start, based on the parameters A-C above. This limits the effects to a delayed start of measurements.
Method b is the least complex and causes the fastest recovery. Hence it appears as the best candidate in case MAC control would be used.
The following advantages and disadvantages can be seen for RRC compared to MAC:
+ Inherently reliable, no added mechanisms required

+ Short setup delay (assuming the RRC RECONFIGURATION message is used also to start

- Maybe easier interaction with HARQ in the same protocol layer, i.e. gaps can be started with less interference with retransmissions (but the interference can anyway not be completely eliminated, unless the scheduler is constrained to avoid all initial transmissions for a blockout period prior to any gap)

- Easier interaction with DRX. MAC-internal rules can be used to temporarily de-activate gaps below a certain DRX activity level.

Conclusion: RRC control is preferred to MAC control to start/stop gap patterns
The remaining alternative to compare is alternative 3, PDCCH control. In this scheme a “pattern activation” message is unsuitable, due to the high error probability and lack of acknowledge mechanism on the same protocol layer. Annex B of Ref. [1] states a command failure probability in the order of 1%. A “repetition coding” scheme would help the reliability, but it is an added mechanism
Instead we could consider control of individual gaps per subframe. This can be the same as absence of scheduling in time positions where the gap pattern has been configured. Given that the gap pattern configuration is RRC-controlled and thus reliable, the most serious error case is if the UE assumes that that the gap pattern has started, but it has not and the DL PDCCH is misinterpreted. This may impact the measurement accuracy considerably.

Due to this uncertainty we believe that individual gap control using PDCCH is undesirable. Overall we consider that RRC control will provide similar setup delay with high reliability and less complexity compared to PDCCH control.
Proposal: Use RRC signalling to start and stop gap patterns 
The considered alternatives are condensed in the table below:
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3 Conclusion

Proposal 1: RRC Control shall be used for configuration/modification/deletion of gap patterns.

Proposal 2: Use RRC signalling to start and stop gap patterns 
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Signalling of ”pattern start/stop”

		Explicit signalling of ”pattern start”		Indication per subframe

		RRC		MAC		PDCCH		PDCCH

		Error protection mechanism		Explicit ACK within protocol layer		Possible		Possible		Possible		-

		Repetition-coding		-		Possible		Possible		-

		Time-out + re-request on RRC layer		-		Possible		Possible		-

		Delay variation (+/- ms)		50-100ms
(one HARQ+RLC round-trip)		Approx 10
(one HARQ roundtrip)		Approx 5		1-2
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