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Discussion
1. Introduction
RAN4 has been working on measurement gap enhancements and now sent an LS asking RAN2 to start considering signalling aspect of the new measurement gap mechanisms they want to bring forward [1].
In this document we discuss how the eNB can be made aware of UE’s measurement gap capabilities.
2. Discussion
Our discussion in this document builds on top of what is summarized in RAN4 TR36.894 [2], section 6.3.3, which is reproduced below.

	6.3.3
Signalling for measurement gaps configured on component carrier [50], Qualcomm 

Since Rel.10 the measurement gap pattern was defined as common on all CCs. While the scheduling loss opportunity is not that big for a 2xCA UE, the losses become much higher (in absolute terms) when the UE is configured with 4 or 5 CCs. For the current gap pattern with GL=6ms and MGRP=40ms, if the gaps are common on all CCs, the throughput loss is 15% (likely to be ~20% if the gap impact to the subframes adjacent to the gap is taken into account). If the gaps are scheduled only 1 CC then the corresponding loss is only 3% (4% with 20% loss per CC). Here only the legacy gaps are considered (MGL=6ms, MGRP =40ms or 80ms).

In order for the network to be able to configure measurement gaps on a single CC or subset of CCs, it needs some detailed knowledge of the UE RF architecture and dependencies between the bands supported by the UE receivers. In order to have full flexibility, the network would have to know which receiver chain can be used to perform measurements on which bands for each CA combination supported by the UE. Below some possible solutions to this problem are presented. This list is not exhaustive; other solutions might also be feasible.

Possible solutions:

1)
One way to address this problem could be by having the UE send a bitmap with all the bands where it needs or does not need gaps for each CC in a combo. An example is shown below in Table 6.3-1. The UE supports CA combination B1+B2+B3 and also other bands up to B10. In Table 6.3-1, '1' shows that gaps are not needed while 0 shows that gaps are needed. 

Table 6.3-1:  Bitmap signaling for measurements without gaps per CC
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-

-

-

0

1

0

1

0

0

0
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-

-

-

1

0

1

1

0
0
0
B3

-

-

-

1

1

1
1

1

0

0

The network could use this table as follows: if the network wants to configure measurements on B4 when UE is configured with CA B1+B2+B3 it would have to schedule gaps on B1 but not on B2 or B3. If the network wants to configure measurements on B5 it would have to scheduled gaps on B2 but not on B1 or B3. The decision on which CC is chose for gaps (or not) is up to eNB. This solution might have a large overhead if the UE has to report such tables for each CA combination supported by the UE. Possible optimizations to limit the overhead are presented below.

-
The overhead can be reduced if the network signals the UE which CA combinations it supports and the UE would signal the network the capabilities only for these combinations.

-
UE could signal the gap dependencies for a certain combination after it is configured with that combination. For example, the network configures the UE in CA combo B1+B2+B3, when the UE sends the RRC configuration complete message it also includes the gap dependencies for this combination (e.g. Table 6.3-1).

1)
In this approach, the network first configures the inter-frequencies where the UE is to perform measurements, the UE would reply by sending the gap dependencies and the network would configure the gaps based on these. With the above example(based on dependencies in Table 1), network configures the UE to perform measurements on B6 and B7, UE sends back to the network the columns in Table 1 corresponding to B6 and B7 and the network configures measurement gaps on the CC corresponding to either B2 or B3. 

2)
Yet another approach would be for the network to configure measurement gaps on all carriers and UE responding back with the CCs where it needs/does not need gaps. The UE could inform the network on which carriers it needs gaps and the network could de-configure the gaps on the carriers on which they are not needed. For the example above, the network could configure measurements on B6 and B7, the UE would respond that it needs gaps only on B2 or B3 and the network would de-configure the gaps on the CCs corresponding to B1 and B2. The overhead could be further reduced if the UE would autonomously pick the carriers on which it uses gaps based on some priority mechanism and just informs the networks which CCs will need gaps and de-configuring of the gaps becomes implicit. 

Table 6.3-1 could be extended to different gap patterns by increasing the number of values in each entry. For example, besides '0' and '1', '2' could be added to show that a different kind of gaps (e.g. small gaps) are needed.

Another aspect that has to be taken into account is the feasibility of performing measurements without interrupting other CCs from an RF and baseband point of view. It should be noted that this kind of capability will depend on the UE RF architecture. As such, UEs not able to support it can always fall back to the Rel.10 method of having common gaps for all carriers. From an RF point of view, there could be some issues with inter-modulation products causing desensitization and inaccurate measurements. The amount of parallel measurement may be standardized (e.g. as part of a CA combination) or not, however, whether the UE supports concurrent measurements in these cases could be left to UE implementation if the UE can meet the accuracy requirements. 


2.1. Per CC based measurement gap
Table 6.3-1 in the RAN4 TR essentially shows that the UE has to signal per band per band combination whether the UE needs measurement gap for measurement of the same and other bands supported by the UE. This obviously leads to quite large overhead for the UE capability signalling. RAN2 has been working on reducing UE capability signalling overhead for CA band combinations, e.g. by the eNB informing the UE of frequency bands and maximum number of CCs the eNB is interested. But the above approach may require further enhancements for UE capability signalling reduction in order for the UE to be able to report all the relevant CA band combinations to the eNB.
Not only leading to the higher overhead, we also think per CC based measurement gap invites another challenge. We do not think the UE capability for per CC based measurement gap is as static as today’s “need for measurement gap” capability. For example, UE’s capability may vary depending on the inter-frequency measurements that the UE is configured to perform. This in other words means that the UE needs to take into account the worst case scenario and may have to signal “conservative” capability if the existing UE capability framework has to be used. It may even have to fall back to the conventional per UE based measurement in most cases.
2.2. Network controlled short gap (NCSG)
RAN4 also intends to introduce yet another type of measurement gap called “network controlled short gap”, NCSG. The measurement gap is formed by two short interruptions with gapless measurement in between. It is not clear from the RAN4 LS if it possible to have regular 6ms per CC based measurement and per CC NCSG configured in mixed manner and hence if the UE capability signalling has to also support the mixed case.
It may be wise, for simplicity, to allow per CC NCSG only when the UE is capable of doing so in all carriers where the UE needs gap assisted measurement. But if the mixed case needs to be supported, it is going to be more difficult for the UE to figure out what UE capability it should signal because there can be a large number of combinations of 6ms gap and NCGS for measuring different bands for each CA band combination. Furthermore as discussed in the previous subsection, this combinations may have to be changed based on the measurements configured.
3. Proposal

From the discussion in the previous section, we conclude that it is very difficult to use the existing UE capability framework, i.e. static capability reported at the time of network attach, for signalling UE capabilities for per CC based measurement gap which can be further modulated by network controlled short gap.

Our proposal is to report the UE capability as response to a reconfiguration from the eNB, e.g. in RRC Connection Reconfiguration Complete. The UE can take into account the following configuration in the RRC Connection Reconfiguration message to generate the table for per CC based measurement gap capability (as shown in Table 6.3-1). This allows the UE to include only relevant bands, serving bands and measured bands, in the UE capability.
· Carrier Aggregation configuration

· Measurement configuration (measurement object or measurement id)

This UE feedback for the gap capability should be configured by the eNB in RRC Connection Reconfiguration message. For this purpose, a UE capability flag for support for this mechanism should be included in the existing UE capability signalling.
Proposal 1:
Introduce a mechanism where the UE reports its capability on per CC based measurement gap in RRC Connection Reconfiguration Complete message.

Proposal 2:
Introduce a network command in RRC Connection Reconfiguration message requesting the UE reporting of per CC based measurement gap capability

Proposal 3:
Introduce a UE capability bit in UE-EUTRA-Capability for support for the UE reporting of per CC based measurement gap capability
In order to finalize signalling design, RAN2 should ask RAN4 if the regular 6ms gaps and NCSG can be mixed for per-CC based measurement gap configurations, e.g. regular 6ms gap on one carrier and NCSG on another.

Proposal 4:
Ask RAN4 if the regular 6ms gaps and NCSG can be mixed for per-CC based measurement gap configurations
4. Conclusion
In this document we discussed the UE capability signalling for “per CC based measurement gap” [1]. We concluded that the existing UE capability framework is not a suitable mechanism to convey the UE capability to the serving eNB. We proposed a new mechanism where the UE tailors its capability based on the current configuration, e.g. Carrier Aggregation and measurement configurations.
Proposal 1:
Introduce a mechanism where the UE reports its capability on per CC based measurement gap in RRC Connection Reconfiguration Complete message.

Proposal 2:
Introduce a network command in RRC Connection Reconfiguration message requesting the UE reporting of per CC based measurement gap capability

Proposal 3:
Introduce a UE capability bit in UE-EUTRA-Capability for support for the UE reporting of per CC based measurement gap capability 
Proposal 4:
Ask RAN4 if the regular 6ms gaps and NCSG can be mixed for per-CC based measurement gap configurations
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