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Discussion 

1. Introduction
In RAN4#56, the issues of retuning glitches were discussed without conclusion from a RAN4 perspective. A preliminary response was sent to RAN2, and based on this, RAN2 also responded back to RAN4 [1]. The response from RAN2 is

RAN2 would like to thank RAN4 for its LS where RAN4 indicated its intention to continue studies related to RF retuning at Scell activation/deactivation. RAN2 discussed possible power imbalance problems in relation to activation/deactivation and possible retuning and would like to inform RAN4 of the following.

RAN2 assumes that in all CA deployment scenarios the network is supposed to keep sufficiently low power imbalance between adjacent component carriers by utilizing efficient RRM strategies, for instance by keeping the PCell as the strongest cell and/or releasing any too weak or strong SCells (causing too big power imbalance). Thus power imbalance problem should not be related to activation/deactivation of Scells.
Actions:

RAN2 requests RAN4 to take this into account when doing the further studies on RF retuning which RAN2 is urgently awaiting.

 The purpose of this contribution is to present further considerations on retuning glitches.

2. Discussion

RF retuning allows the bandwidth of the UE receiver to be reconfigured, e.g. so that it can be changed to receiving two component carriers or one component carrier for intraband carrier aggregation. When such retuning is performed, there is a need to change the UE local oscillator frequency so potentially an impact to both downlink reception and uplink transmission. In RAN4#56 there was an indication that the likely impact of such retuning is in the range of 1ms – 2 or 3 ms, however this depends on the exact definition of a retuning interruption and the definition may be anyway somewhat “soft” as UE receiver algorithms converge to match the new configuration.

There are so far two principle reasons which have been discussed for allowing the UE to perform such retuning when configured Scells are deactivated. The first reason is that there would be expected to be a UE power consumption benefit and the second reason is for possible mitigation against image problems in a direct conversion receiver. We discuss each of these aspects in turn.
UE power consumption
 So far, there seems to be some consensus that the main savings occur in the analogue to digital conversion stage, which can be operated at a lower sample rate, and possibly also lower resolution at lower bandwidth.  Other aspects of RF may also provide for more minor savings as discussed in more detail in [2]. As such aspects are highly dependent on UE implementation and UE vendors are unlikely to be able to reveal sensitive details of the power consumption of their implementations in RAN4 it seems unlikely that 3GPP would be able to agree an exact quantitative benefit from UE power consumption point of view of allowing retuning to be performed.  Nevertheless, it is clearly going to help UE power consumption to operator RF/BB interface with a lower sample rate when that is feasible. Further considerations in ADC power consumption are given in [5].
Image rejection in direct conversion receivers

We discuss image rejection in greater detail in a companion contribution [3]. In this contribution, we provide further considerations on how image rejection would relate to measurements of deactivated SCells.
In case retuning is not allowed for deactivated SCells, the UE receiver bandwidth must always be the full bandwidth including both PCell and SCell to accommodate measurements. The situation is shown in figure 1.
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Figure 1 : Depiction of measurement of deactivated SCell when retuning is not allowed

In this case, the receiver bandwidth is always set to the full bandwidth (e.g. 40MHz) covering both the PCC and SCC. As such, the Pcell demodulation is impacted by the image of the SCell and the SCell measurements are impacted by the image of the Pcell. The degree to which the impact occurs is covered in more detail in [3], and the impact to a particular subcarrier on either the PCC or the SCC depends on both the fundamental image rejection ratio of the receiver, IRRfund and also the relative power difference between the subcarrier of image, and a certain image subcarrier. Hence we can conclude that in principle images will affect both Pcell reception (image from the SCell) and Scell measurements (image from the PCell). The degree to which this will be an issue depends on the power difference between SCell and PCell. If the SCell is much stronger than the PCell then the image can be expected to cause considerable SNR degradation to the PCell reception. As RAN2 has indicated in their response LS [1] network RRM strategies such as ensuring the PCell is the strongest (eg performing interfrequency handover when needed), or releasing too weak or strong SCells can help with this. However, we have performed dynamic system simulations [4] which indicate that there can still be occasions when instantaneous SCell RSRP is 10dB greater than PCell RSRP when PCell interfrequency handover is enabled.
If RF retuning is allowed the situation is changed to that shown in figure 2














Figure 2 : Depiction of measurement of deactivated SCell when retuning is allowed

In this case, interference to reception of the PCell from the deactivated SCell can be avoided for much of the time; however this comes at a cost of interruption to the receiver and transmitter at the times when the receiver needs to be reconfigured. Figure 2 is not shown to scale, since simulations have considered up to 3200ms SCC measurement period, which might (for example) be implemented with one measurement sample every 640ms. There is still a potential image issue when the receiver is configured to wider bandwidth, so the SCC measurements are always affected, and PCell reception is affected some of the time. In addition, there are interruptions in PCell reception prior to, and after, SCC measurement occurrences.

To determine which scheme would optimise throughput in a given scenario is not straightforward. It depends on factors such as

· Duration of retuning interruptions

· Fundamental image rejection ratio of the receiver, IRRfund (which in turn depends partly on receiver complexity, cost and power consumption)

· Reception power of the various subcarriers on PCC and SCC – This in turn depends heavily on deployment scenario and RRM strategy

· Load/packet scheduler on both the SCell and PCell (which subcarriers are beings scheduled and with what power)

What we can say is that due to short term effects, and also necessary delays in RRM responses (both in UE and network) any strategy for ensuring that PCell is stronger than (deactivated) Scell will be only partially effective. In [4] we found that approximately 5% of the time instantaneous SCell RSRP is 10dB or more greater than the PCell for scenario 3_1. This was with PCell interfrequency handover enabled, and 3dB hysteresis.

Comparing the two schemes we can say that allowing retuning gives a more predictable (but fixed) loss whereas disallowing retuning may give better or worse throughput depending on scenario and the efficiency of the network mitigation strategies, as well as the other items listed above.

To give an indication of the difference, if we assume that UE is scheduled in every subframe, and SCell image causes loss of a subframe with 5% probability as a worst case, then figure 1 implies a simple 5% loss. If we assume that measurements take 5ms, and retuning takes 1ms and moreover that measurement samples are performed every 640ms then the PCell subframe loss for figure 2 would be

2/640 + 0.05*(5/640) = 0.3515%

Note that this is very close to the loss due to the interruptions themselves (0.3125%), i.e. due to infrequent measurements the PCell throughput impact due to SCell image is extremely small, and the receiver is operating at the narrower bandwidth for more than 99% of the time. Even if the time between measurements is reduced to 160ms (corresponding to 5 samples in an 800ms period) then the subframe loss only increases to 1.40625%. Naturally such calculations are quite sensitive to the assumptions made, but they illustrate the point that the retuning scheme implies a near fixed loss whereas not allowing retuning gives a variable loss which depends on many factors that are not easily predicted. While we think it would be beneficial to do more system simulations both when retuning is allowed and disallowed. 


3. Conclusions

Based on the considerations in this paper, we think there are benefits in allowing RF retuning. This allows for more predictable performance impact in the presence of power-imbalanced carriers when SCell is deactivated as well as for UE power savings. It should be noted that the measurement activity for deactivated SCells is likely to be relatively small (assuming measurement periods in the range [800ms-3200ms]). Efficient RRM strategies and deployment limitations can also help in this area, although our understanding is that some instantaneous power differences will occur, especially for certain carrier aggregation scenarios. In some simple example calculations, we have concluded that the time spent retuning would overall be small, and it might not even be possible to see the effect of retuning in PCell throughput (assuming low SCell measurement activity) when practical propagation conditions are considered.

We think further work in the area could still be beneficial. In [3] we proposed the following steps (also covering UE RF  performance aspects)

1. RAN4 needs to discuss and develop core requirements for image rejection performance for intraband carrier aggregation. This work should be based on the assumption of a direct conversion receiver and consider practical complexity issues.

2. The power differences which can arise in different deployment scenarios could be studied further. At any rate, the core RF requirements will define the limitation on the scenarios in which intraband CA is feasible, and it needs to be understood when those requirements are being developed that certain scenarios are being excluded. Larger power differences could be expected to be seen in CA scenario 4 or 5, and these may prove to be more practical for interband CA than intraband CA.

CA Scenario 4 
[image: image1.emf]
CA Scenario 5
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3. The effectiveness of RRM strategies in mitigating problems could still be considered further. Although the discussion of power imbalance arose from consideration of deactivated SCells and retuning, image rejection is a general problem. While it seems to be a valid strategy to try to ensure that the PCell is the strongest cell, due to delays and the dynamically changing situation there will still be times when the SCell is significantly stronger. 

4. It would also be highly beneficial to model more explicitly the effect of image rejection ratio at the system level. Unfortunately, due to the coupling created between both carriers (and all subcarriers), so far the modelling has been challenging, but it would be necessary to model in order to answer questions such as whether it would be better to allow retuning glitches on the PCell (which then allows the UE to switch to narrower bandwidth except at the moments when it is performing measurements) or would it be better to disallow retuning and accept the performance impact from the deactivated SCell image. Allowing retuning could be an important tool to mitigate such problems (at least when the SCell is deactivated), but this needs to be traded off against the impact of the retuning itself.

5. Impact on UE measurements from RF images could also be considered as part of the work. For example, if PCell is stronger than SCell (according to efficient network RRM strategy) then are the SCell measurements without gaps still sufficiently accurate.
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