3GPP TSG-RAN WG4 Meeting #80                                      R4-166511
Gothenburg, Sweden, 22 – 26 August 2016
Agenda Item:
8.14.2.2
Source:
Intel Corporation
Title:
On per-CC based measurement gap configurations
Document for:

Discussion
1 
Introduction
In last RAN4#79, the following agreements on per-CC based measurement gap configuration have been achieved
1. Two type of new measurement gap configurations are considered

i. Uniformly distributed measurement gap pattern, e.g. legacy gap liked

ii. Non-uniformly distributed measurement gap pattern, e.g. burst gap

2. If Uniformly distributed measurement gap pattern with MGL=6ms and MGRP>80ms are introduced

i. new MGRP should be divisible by 40ms 

ii. 10240ms should be divisible by new MGRP

iii. Open issues : 

1. number of new equal-distance measurement gap configurations

2. corresponding MGRP 

3. Measurement gap may or may not be configured per CC based

4. It is FFS whether new gap configurations are introduced (uniform and/or non uniform)

5. Some Options for capability signaling:

i. Option 1: UE signals capabilities for all supported CA combos when UE attaches to the network

ii. Option 2: UE signals capabilities on demand(network advertises what it supports and UE replies with related capabilities)

iii. Option 3: UE signals capabilities based on configured CA combo(UE sends capabilities when configured with a certain CA combo)

iv. Option 4: UE picks the gap configuration when the measurement configuration is received from network

v. Other options are not precluded

vi. The discussion on capability signalling option may take place in RAN2

6. The capability signaling for per CC gap should consider the use case of spare RF chains, and NCSG potentially being provided on other CC

7. For RAN4#80, interested companies are invited to consider what information needs to be provided to RAN2 about UE RF architecture options to allow them to specify capability signaling
In this contribution, the per-CC measurement gap enhancement is further discussed. 

2 
Per-CC measurement gap configurations for CA capable UE
With per-CC measurement gap configuration, it happens that for a time instance the measurement gap is configured for one CC but not on the other CC. With all CCs are synchronized, 1ms short gap can be introduced on the CC where no measurement gap is configured to control the interruption. Since the short gap is known at both NW and UE, there is no missing Ack/Nack.
Figure 1: Illustration on per-CC measurement gap configuration for synchronous CC
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When all CC are synchronized, per-CC measurement gap configuration can be depicted in Figure 1. 

To take advantage of per Rx chain based measurement gap scheduling, more flexible measurement gap configurations are needed. For example, sparse measurement gap pattern should be supported and UE should have flexibility to configure no measurement gap. Table 1 gives an example how the existing measurement gap configuration table can be expended. 

Table 1:  An example of expended measurement gap configuration table
	Gap Pattern Id
	MeasurementGap Length (MGL, ms)
	Measurement Gap Repetition Period

(MGRP, ms)
	Minimum available time for inter-frequency and inter-RAT measurements during 480ms period

(Tinter1, ms)

	0
	6
	40
	60

	1
	6
	80
	30

	2
	6
	240
	10

	3
	No measurement gap configured


Proposal 1: the existing measurement gap configuration table should be expended to include sparse measurement gap patterns. 
Proposal 2: it should be configurable that some of CC do not have measurement gap configured
Since the gap patterns and their locations for difference CC are known at both UE and NW, there is no need to explicitly indicate the location of short gap. Figure 1 illustrates how small gap occasion can be implicitly determined. 
Proposal 3: With per CC based measurement gap configuration, the location of 1ms short gap can be implicitly indicated. 
3 
Per-CC measurement gap configurations for DC capable UE

When CCs are not synchronized, the proposal 1 is still valid. However, the small gap length can be up to 2ms as illustrated in Figure 2. 
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Figure 2:  Illustration on per-CC measurement gap configuration for asynchronous CC
4 
Consideration on signalling for per-CC measurement gap configurations

Based on the discussion in RAN4#79, there are four potential options to define the per-CC signalling
· Option 1: UE signals capabilities for all supported CA combos when UE attaches to the network
1. Pro: UE capability is known at eNB. 

2. Con: the overhead can be very high. The corresponding UE performance is still unpredictable. For example, UE may choose not to use full capacity for parallel measurement. This can be due to power consumption consideration.
· Option 2: UE signals capabilities on demand(network advertises what it supports and UE replies with related capabilities)
1. Pro: Overhead is reduced compared to option1. Partial of UE capability is known at eNB.

2. Con: it is questionable if NW is able to advertise all bands UE should measure. The corresponding UE performance is still unpredictable since UE may not use full capacity for measurement.
· Option 3: UE signals capabilities based on configured CA combo(UE sends capabilities when configured with a certain CA combo)
1. Pro: further reduce overhead compared to option2

2. Con: same as option 3
· Option 4: UE picks the gap configuration when the measurement configuration is received from network
1. Pro: overhead is minimized. UE’s behavior should be the same as other options.

2. Con: UE performance is unpredictable.  
Basically, we don’t see fundamental difference among four options in terms of UE behaviour and eventual measurement performance. In the same spirit of legacy releases, how to use the measurement gap should be UE implementation issue. UE should be the one to decide the gap pattern for each CC based on number of carriers, measurement delay, power consumption and other implementation related consideration. However, NW should have the ultimate decision to override UE’s indications.
Proposal 4: UE determines the exact measurement gap configurations per CC and indicate NW the corresponding gap pattern ID. NW can override UE’s decision by falling back to legacy measurement gap configuration.

5 
Conclusion
In this contribution, our proposals on per-CC measurement gap configuration with single RF-IC implementation are summarized as
Proposal 1: the existing measurement gap configuration table should be expended to include sparse measurement gap patterns, e.g. MGRP>80ms and/or no measurement gap configured. 
	Gap Pattern Id
	MeasurementGap Length (MGL, ms)
	Measurement Gap Repetition Period

(MGRP, ms)
	Minimum available time for inter-frequency and inter-RAT measurements during 480ms period

(Tinter1, ms)

	0
	6
	40
	60

	1
	6
	80
	30

	2
	6
	240
	10

	3
	No measurement gap configured


Proposal 2: it should be configurable that some of CC do not have measurement gap configured
Proposal 3: With per CC based measurement gap configuration, the location of short gap can be implicitly indicated. 
Proposal 4: UE determines the exact measurement gap configurations per CC and indicate NW the corresponding gap pattern ID. NW can override UE’s decision by falling back to legacy measurement gap configuration.
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