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Discussion 

1. Introduction
In this contribution, we propose a way forward on retuning for carrier aggregation. First, we evaluate previous proposals in the area, and develop a text proposal for 36.133. If this text proposal is acceptable then we can provide a change request for RAN4#59.
2. Discussion

The contribution [1] in RAN4#58 provided the following proposals for handling of RF retuning

 
In addition, progress was made in the RF session on image rejection, with the agreement that 25dBc received image rejection ratio is the minimum performance requirement for intraband carrier aggregation [2]. However, the RRM proposals on RF retuning were not agreed by all companies and this contribution attempts to reformulate them to try to reach an agreement.
One comment which was raised during the meeting was that basing the core requirement on “packet drops” does not distinguish between packet drops that may occur (for example) due to the receiver image, packet drops due to channel conditions or packet drops due to other aspects not related to retuning. One possible way of addressing this could be to add side conditions in the core requirement, for example that the carriers are no more than XdB imbalanced with each other. This may still be problematic, as there can be other causes of packet drops. Moreover, the amount of susceptibility to imbalance depends on the modulation and coding rate in use and it would not be practical to specify the imbalance side condition differently for different modulation and coding rates. While the intent here is to specify only packet drops due to retuning, it is difficult to state this in the core requirement in a way that would ensure consistent implementation across different UE vendors.

An alternative approach would be to talk about interruption time rather than packet drops: Instead of specifying the percentage of packets that might be dropped, the maximum interruption time due to retuning is specified. While this approach was not previously favoured as it so some extent specifies something internal to UE implementation, we would note that interruption times are specified for other RRM procedures such as handover, CSG SI decoding etc. By specifying an allowed interruption time according to the configured SCC measurement cycle, we would avoid the need in RRM core requirements to refer directly to the UE demodulation performance, which is dependent on many factors. However, to test the performance of such interruption time core requirement, packet drops could still be used, provided that (as well as accounting the RRM core requirement) other relevant core requirements such as UE demodulation and image rejection performance from TS36.101 are accounted in the test case design.
Proposal 1: In RRM core requirements will specify interruption time due to retuning rather than amount of packet drops allowed
Proposal 2:  The test cases for would utilise packet drop measurement, based on the interruption time from the core requirement as well as accounting relevant RF receiver image rejection and demodulation requirements

The next comment,made by several companies, was that the hard limit of 640ms in the core requirement may not be desirable. By creating a hard limit below which glitches should not occur, the requirement may push configurations in the direction of using the shortest measurement cycles of 320ms or 160ms which is not desirable from a UE power consumption point of view, even though practical UE implementations would offer good throughput performance at 640ms and greater.
By using interruption time in the core requirements, shorter interruptions than one single packet could be considered for some cases, eg 0.5ms or 0.25ms could be specified. While an RF synthesiser using state of the art technology can be retuned in this time, we need to be careful about the definition of “interruption time”: The definition should also account any necessary baseband processing when the receiver bandwidth is changed. This is because e.g. (and in particular) the channel estimation algorithms are likely to need time to settle after changing the local oscillator configuration. Nevertheless, if an implementation can achieve retuning with a very short interruption time, there seems no reason to exclude it, provided that RAN4 has made a clear definition of interruption time, which means something more than just RF centre frequency switching is defined. 

Considering the previous proposal of 0.5% packet drop probability and including allowing retuning on the shorter measurement cycles (provided the retuning is done sufficiently fast), the possible values for interruption are shown in Table 1.
	SCC measurement cycle (ms)
	0.5% interruption time (ms)
	Available time for single retuning operation (ms)

	160
	0.8
	0.4

	320
	1.6
	0.8

	640
	3.2
	1.6

	1024
	5.12
	2.56

	1280
	6.4
	3.2


Table 1 : Possible interruption times for different SCC measurement cycles, based on 0.5% average interruption rate
Considering UE implementation matters, if we assume that the interruption time requirement is based on table 1 and the particular UE implementation takes 1ms to retune, then the conclusion would be that retuning is anyway difficult for SCC measurement cycles less than 640ms.
One aspect which could be further considered is that it may not be necessary to retune the UE twice on every SCC measurement, although the benefits of retuning in terms of improved power consumption to to smaller UE receiver bandwidth are significantly reduced in this case. However, the concept is illustrated in figure 1






Figure 1: Possible retuning regime where UE RF is not retuned twice on every measurement

This kind of approach may very likely be quite complicated while offering limited operation at smaller bandwidth. Still, it seems unnecessary for RAN4 to explicitly exclude it, and it shows one example of a way in which retuning would be possible at 320ms cycle with less than 0.5% interruption time, even if each retuning takes 1ms.



Figure 2: Possible further retuning regime with longer retuning intervals
If the regime is extended still further to longer duty cycles then there are diminishing returns in terms of how much time can be spent at smaller bandwidths. On the other hand, since there is only 1 retuning per 4 SCC samples, it would be possible to take longer to do the retuning and still meet a 0.5% interruption time requirement. Since this is something internal to UIE implementation, the start and end of the BW reconfigurations don’t need to be aligned with the measurement occasions (which anyway don’t have a specified timing) although the usage of RF bandwidth changes which do not relate to measurements is not obvious.
The purpose of this discussion is to illustrate that there are multiple options for how retuning may be performed, and it is the mainly average interruption time which is important as far as specifying system performance. Hence we propose that the average interruption time is specified in the core requirement. It is very unlikely anyway that a UE implementation would use a very extreme retuning regime and based on the need to get multiple measurement samples within the specified measurement period to meet accuracy requirements, it can safely be assumed that very long individual retunings do not occur.
Proposal 3: Average interruption time is specified as a percentage of SCell measurement cycle.For example, 0.5% of SCell measurement cycle (similarly as was proposed for 640ms cycle earlier)
Proposal 4:  Careful definition of interruption time is needed so that it is clear that it applies not just to RF retuning time, but also the time needed by baseband algorithms
With this approach it would seem possible to define tests similar to those proposed in [2] for 640ms Scell measurement cycle. Provided that the imbalance between the carriers is small, or there is an imbalance the PCell is stronger, receiver images would not be a problem in the test configuration. Provided also that the SNR and test conditions allow for near-error free decoding of the PCell, it can be assumed that any packet drop observed in the test is a consequence of the interruptions due to retuning. With 0.5% interruption time, an average packet drop rate of 0.5% could also be expected in the test.

When it comes to shorter DRX cycles, under this proposal retuning is still allowed provided it is fast enough, or infrequent enough. It would not be relevant to simulate UE demodulation performance with less than 1TTI packet loss, since at any rate the UE implementation is unknown. 
Proposal 5: Based on this core requirement, and other 36.101 demodulation and receiver image requirements, testing is possible with 640ms DRX cycle.
3. Text proposal
8.3.3.2
Measurements of the secondary component carrier with deactivated SCell

8.3.3.2.1

E-UTRAN secondary component carrier measurements when no common DRX is used

When no DRX is in use the UE shall be able to identify a new detectable FDD or TDD cell on the secondary component carrier within Tidentify_scc, according to the parameter scellMeasCycle where Tidentify_scc = 20 scellMeasCycle
A cell shall be considered detectable when 

-
RSRP related side condition given in Section 9.1 are fulfilled for a corresponding Band,

-
 SCH_RP|dBm > -127 dBm for Bands 1, 4, 6, 10, 11, 18, 19, 21, 24,   33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43  and SCH  Ês/Iot  > - 6 dB.

-
SCH_RP|dBm( -126 dBm for Band 9 and SCH Ês/Iot  > - 6 dB,

-
SCH_RP |dBm( -125 dBm for Bands 2, 5, 7 and SCH Ês/Iot  > - 6 dB,

-
SCH_RP |dBm( -124 dBm for Bands 3, 8, 12, 13, 14, 17, 20 and SCH Ês/Iot > - 6 dB.
The measurement period for deactivated scell measurements is Tmeasure_scc according to the parameter measurement scellMeasCycle where Tmeasure_scc = 5 scellMeasCycle. The UE shall be capable of performing RSRP measurements for 8 identified cells on the secondary component carrier, and the UE physical layer shall be capable of reporting measurements to higher layers with the measurement period of Tmeasure_scc. 

The measurement accuracy for all measured cells shall be as specified in the sub-clause 9.1.11 (Carrier aggregation measurement accuracy)

8.3.3.2.1.1
Measurement Reporting Requirements

8.3.3.2.1.1.1
Periodic Reporting

Reported measurements contained in periodically triggered measurement reports shall meet the requirements in section 9.

8.3.3.2.1.1.2
Event-triggered Periodic Reporting

Reported measurements contained in event triggered periodic measurement reports shall meet the requirements in section 9.

The first report in event triggered periodic measurement reporting shall meet the requirements specified in section 8.3.3.2.1.1.3 Event Triggered Reporting.

8.3.3.2.1.1.3
Event Triggered Reporting

Reported measurements contained in event triggered measurement reports shall meet the requirements in section 9.

The UE shall not send any event triggered measurement reports, as long as no reporting criteria are fulfilled.

The measurement reporting delay is defined as the time between an event that will trigger a measurement report and the point when the UE starts to transmit the measurement report over the air interface. This requirement assumes that the measurement report is not delayed by other RRC signalling on the DCCH. This measurement reporting delay excludes a delay uncertainty resulted when inserting the measurement report to the TTI of the uplink DCCH. The delay uncertainty is: 2 x TTIDCCH.This measurement reporting delay excludes a delay which is caused by no UL resources for UE to send the measurement report.

The event triggered measurement reporting delay, measured without L3 filtering shall be less than Tidentify_scc defined in Section 8.3.3.2.1. When L3 filtering is used an additional delay can be expected.

If a cell which has been detectable at least for the time period Tidentify_scc defined in section 8.3.3.2.1 becomes undetectable for a period ≤ 5 seconds and then the cell becomes detectable again and triggers an event, the event triggered measurement reporting delay shall be less than Tmeasure_scc provided the timing to that cell has not changed more than ( 50 Ts and the L3 filter has not been used. When L3 filtering is used an additional delay can be expected.

8.3.3.2.2

E-UTRAN secondary component carrier measurements when common DRX is used

When DRX is in use the UE shall be able to identify a new detectable FDD or TDD cell on the secondary component carrier within Tidentify_scc, according to the parameter  scellMeasCycle where Tidentify_scc = max(20 scellMeasCycle, Tidentify_scc1).  Tidentify_scc1 is given in table 8.3.3.2.2-1.
8.3.3.2.3




PCell interruption due to measurement of deactivated SCell

When  a deactivated SCell is measured, the UE may interrupt reception of the primary component carrier to make the measurement, for example to allow the RF receiver bandwidth to be altered.
Interruption time is defined to be the time from the moment when the UE starts to reconfigure its receiver until the time when it is able to decode data again according to the demodulation performance requirements in [5].

The average rate of PCell interruption shall not exceed [0.5%] There are no requirements on the duration of an individual interruption. 
4. Conclusions
In this contribution, we provide a possible way forward to specify retuning requirements as an interruption time rather than as a packet drop criteria. While retuning is quite related to UE implementation, and therefore difficult to specify in a standardised way, this approach attempts to capture a sufficient core requirement to allow testing while avoiding the need to specify multiple side conditions or account for carrier imbalance in the core requirement.
Several proposals are presented, along with a text proposal for the core requirement.

Proposal 1: In RRM core requirements will specify interruption time due to retuning rather than amount of packet drops allowed

Proposal 2:  The test cases for would utilise packet drop measurement, based on the interruption time from the core requirement as well as accounting relevant RF receiver image rejection and demodulation requirements

Proposal 3: Average interruption time is specified as a percentage of SCell measurement cycle.For example, 0.5% of SCell measurement cycle (similarly as was proposed for 640ms cycle earlier)

Proposal 4:  Careful definition of interruption time is needed so that it is clear that it applies not just to RF retuning time, but also the time needed by baseband algorithms

Proposal 5: Based on this core requirement, and other 36.101 demodulation and receiver image requirements, testing is possible with 640ms DRX cycle.
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Proposal 1: If the SCC measurement cycle is lower than 640 ms, no packet drop due to glitches should occur.


Proposal 2: A single requirement of the packet loss probability shall apply to 640, 1024, and 1280 ms measurement cycle.


Proposal 3: The packet loss probability should be less than 0.5%.
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