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1 Introduction
RAN4 has previously agreed that per component carrier measurement gaps should be included as a part of the work item on measurement gap enhancement. There has also been discussion on the information that would be needed by RAN2 to design the signalling. While the signalling design is ultimately RAN2 responsibility, they will need input from RAN4 on the likely UE architecture and as a consequence the necessary flexibility that should be designed into the signalling.
2 Discussion

2.1 Per CC gap configuration

At a very high level, per CC measurement gaps are a relatively simple feature from a signalling perspective. The eNB should be made aware (eg from UE capabilities) that a UE only needs to have gaps on certain CCs to make measurements. Then when it performs gap configuration it may choose to configure gaps only on those CCs on which gaps are needed and can still expect the measurements to be performed successfully. An example of signalling which we believe may be one possible starting point for signalling design is given in TR36.894.

	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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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. 



 However, there are a number of detailed considerations, some of which have been discussed previously in RAN4 which are likely to be important in the RAN2 work.

1. RAN4 needs to be very clear on what is strictly meant by a “combo”. While the capability to measure without gaps fundamentally depends on the DL CC configured (assuming receiver chains to be dedicated to receiving DL CC), in our view
· A different bitmap would be needed for each different UL configuration, eg for the B1+B2+B3 example given, the gap configuration may need to be different depending on whether the UL is on B1, B2, B3 and also depending on whether there is more than 1 uplink

· Do the capabilities depend on the bandwidth of the configured PCell and SCells (both UL and DL)? Our expectation is that the per CC measurement gap feature could be considered independent of configured BW, in which case this should be clearly indicated in information to RAN2.

· RAN4 needs to discuss non-contiguous intraband carrier aggregation within this context, as multiple RF chains are frequently used to receive different blocks from the same band in this case. The signalling example in TR36.894 does not consider per CC measurement gaps for intraband NC CA although there are clear ways in which it could be extended to cover the NC case, for example by having multiple rows for one band for intraband NC combos. At any rate our view is that any input to RAN2 should be clear on how non-contiguous intraband carrier aggregation is handled for per CC measurement gaps.
· Similarly, RAN4 should also discuss intraband contiguous CA combos since some UE may be able to support per CC measurements for this case, if they use multiple RF chains for intraband CA. However, it may also be that this is considered to be a corner capability and signalling may not need to cover this case. If this is considered an unusual way to implement intraband CA (typical implementation being a wideband receiver) then it may be acceptable not to cover this in capabilities, in which case the legacy mechanism of per UE measurement gaps will need to be used. Again, this should be explicitly decided and any input to RAN2 needs to be clear on how contiguous intraband carrier aggregation is handled for per CC measurement gaps.
· At any rate, intraband inter-frequency measurements should be covered by the signalling. Taking the example in 36.894, the UE may be able to measure B1 using just the B1 RF chain, meaning that gaps are not needed on B2 or B3. Hence, the ‘-‘ symbols in the example could be removed.

Proposal 1 : RAN4 discusses and clarifies what is meant by a CA combination in relation to the signalling for per CC measurement gaps
2. The example capabilities in 36.894 do not cover more esoteric UE architectures or RF issues. Just to give one example, with certain synthesiser (local oscillator) designs such as fractional-N, it can be necessary to reconfigure the multipliers and dividers in the phase locked loop to optimise spurs, considering the other frequencies being received. This will depend on the exact frequency of serving cell(s) and measurement objects rather than the bands under consideration. We do not propose extending the capabilities to cover more flexible options, but it is then essential that the UE will perform correctly with any possible per CC measurement gap co configuration which is valid within the capability that has been indicated.
Proposal 2:Capablilites for per CC measurement gaps do not need to cover all possible UE RF architectures since per UE gaps can still be used as a fall-back mechanism. It is essential that if a UE indicates a certain capability then the UE will perform correctly with any possible per CC measurement gap co configuration which is valid within the capability that has been indicated

3. There is a strong dependency between the per CC measurement gap feature and the other features which RAN4 is working on. Therefore, following the bitmap example in TR36.984, at least the following options seem to be needed for each CC (rather than just a simple gap/no gap indication)
a. No gap needed

b. NCSG needed

c. Legacy or reduced length 3ms gap (RLG) needed (if the UE supports RLG and synchronisation conditions will support the use of RLG then eNB may configure 3ms gap)

Proposal 3 : RAN2 is informed the details of all features in the same liaison statement, and the dependency of per CC measurement gaps on the newly defined gap patterns is clarified to RAN2.
4. It would be more difficult to make the concept work with different MGRP on each CC, for instance consider that 40ms MGRP is configured for measurements on some CC and 80ms MGRP is used on other CC. If NCSG is needed on another CC then it is very unclear if the periodicity needs to be 40ms or 80ms. For this reason, we recommend that MGRP remains a per UE parameter.
Proposal 4 : To simplify the work, a single MGRP/VIRP for all CC configured in each UE can be considered.
5. It would be more difficult to make the concept work with different gap length (ML) on each CC, for instance consider that 6ms ML is configured for measurements on some CC and 3ms ML is used on other CC. If NCSG is needed on another CC then it is very unclear if the ML needs to be 3ms or 6ms. For this reason, we recommend that MGRP remains a per UE parameter.

Proposal 5 : To simplify the work, a single ML for all configured CC in each UE can be considered
6. There is a risk that a bitmap such as table 6.3-1 will become ambiguous when multiple RF chains are capable of measuring the same target cell. For example, if we look at the B8 measurement column, there are “0” entries for both CC B1 row and CC B2 row. A ‘0’in the table indicates that gaps are needed, but the question is whether  the two “0” entries mean that gaps are needed on both CC to measure B8, or do they mean that either the RF chain being used to receive CC B1 or  the RF chain being used to measure CC B2 are B8 capable, so as long as gaps are provided on one or other of the CC, the UE would be able to make the measurement of B8.

This issue is also more complicated if we consider the need to indicate NCSG (eg according to proposal 4). The assumption of adding NCSG as an additional value in the table seems to be to indicate that certain CC need NCSG for measurement (in addition to the measurement gap on other CC) but again if there are multiple configurations which would allow measurement to be made then the situation become much more complicated. Before discussing this issue, we propose that the basic ambiguity is discussed

This discussion becomes more important to understand when the network wants to configure multiple measurement objects. For example, taking again the example in table 6-3.1, one possible interpretation of the zeros in the first row is that the RF used for B1 CC is capable of measuring B4, B6, B8, B9, and B10. So possibly measurement objects on all of these bands could be configured with only gaps on B1 CC. Note that we are not yet discussing parallel measurement in the same gap. This would be quite beneficial compared to the other interpretation which could be that gaps shall be provided everywhere that there is a ‘0’ in the bitmap, which for this measurement combination means that per UE gaps would be needed.

In principle the ambiguity stems from whether a ‘0’ in the bitmap means that the RF circuit being used for receiving that CC is capable of making the measurement of the target band, or a ‘0’ in the bitmap means just that a gap is needed (but other RF circuits may make the measurement instead). Clearly the preferred interpretation from the point of view of exploiting per CC measurement gaps is the former but real life may not be this simple – for example a UE might need to make gaps on one CC to free up an RF chain to make the measurement and also make gaps on another CC to prevent the uplink corrupting the measured value. It seems likely that the bitmap concept needs extended to differentiate these cases.

The possible ambiguity in the bitmap when multiple configurations may allow the same measurement to be made needs to be discussed.
Proposal 6 : Ambiguities in the capabilities need to be discussed and clarified in the liaison statement to RAN2.
2.2 Measurement of multiple measurement objects in parallel in a single gap

As part of the work on per CC based measurement gap configurations, there is an objective to specify use of multiple RF chains to perform measurements in parallel:
	· Specify per-CC based measurement gap configurations

· …

· Use of multiple RF chains to perform measurements in parallel, depending on UE measurement capabilities
· …



This has been discussed in RAN4 previously and some of the main points raised have been

· It has been discussed whether the eNB needs to know that the UE has the capability to measure in parallel

· The parallel measurement capability is a baseband as well as an RF capability. For example, performing parallel measurement depends on the processing capability of the searcher.

For the first point, our view is that it is essential that the eNB knows whether the UE will perform parallel measurements, because it greatly impacts measurement delays. It is expected that an eNB may configure a more capable UE with a greater number of measurement objects, enabling for example, interfrequency handover or carrier aggregation with hotspots on a larger number of frequencies. This is not to say that the less capable UE would not be functional, or fail to remain in coverage, with a restricted neighbour frequency list but that the more capable UE would be able to offer a better user experience especially when the enhanced measurement performance is used in conjunction with other advanced features such as LAA or DL CA with a larger number of downlink carriers. 
For the second issue, we recognise that it would not be desirable to mandate all UEs with multiple RF chains to perform parallel measurements due to cost and complexity issues. In practice, what matters to the eNB is the Nfreq that the UE will use for a given measurement configuration, and the eNB does not have to be aware of whether the restriction arises from baseband or RF.
One possible issue is that the number of different measurement configurations is very large, and also depends on the per CC gap configuration given to the UE. For example, if a UE is given a gap pattern on only one component carrier, then it is unlikely to be able to measure multiple CC in parallel unless it has some spare RF chains. So in principle, the Nfreq that the UE would use depends on three factors

1. The CA configuration, which will determine which RF chains are configured

2. The per CC gap configuration which will determine which of these RF chains are free in gaps

3. The interfrequency measurement configuration.

This means that the capability for signalling Nfreq may become quite complicated, ie there are many combinations of these 3 factors. Signalling could be simplified for example by doing all of the following
1. Indicating Nfreq only for the currently configured CA or single carrier configuration

2. Indicating Nfreq only for a maximal gap configuration (ie assume that gaps are configured on all CC).
3. Indicating Nfreq for measurement configurations requested by the eNB, rather than all possible measurement configurations.
Proposal 7: The Nfreq that will be used by the UE is for certain measurement configuration(s) is requested by the eNB and provided for the currently configured CA combination assuming a maximal gap configuration 
3 Conclusions

Proposal 1 : RAN4 discusses and clarifies what is meant by a CA combination in relation to the signalling for per CC measurement gaps
Proposal 2:Capablilites for per CC measurement gaps do not need to cover all possible UE RF architectures since per UE gaps can still be used as a fall-back mechanism. It is essential that if a UE indicates a certain capability then the UE will perform correctly with any possible per CC measurement gap co configuration which is valid within the capability that has been indicated

Proposal 3 : RAN2 is informed the details of all features in the same liaison statement, and the dependency of per CC measurement gaps on the newly defined gap patterns is clarified to RAN2.
Proposal 4 : To simplify the work, a single MGRP/VIRP for all CC configured in each UE can be considered.
Proposal 5 : To simplify the work, a single ML for all configured CC in each UE can be considered

Proposal 6 : Ambiguities in the capabilities need to be discussed and clarified in the liaison statement to RAN2.
Proposal 7: The Nfreq that will be used by the UE is for certain measurement configuration(s) is requested by the eNB and provided for the currently configured CA combination assuming a maximal gap configuration 
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