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1. Introduction
In Dresden, retuning on CA activation and deactivation was discussed. The way forward was provided in [1]. The following agreements were reached
· Interruptions to be allowed at configuration and deconfiguration
· Exact way of specifying is FFS
· No interruptions allowed at activation/ deactivation when SCell measurement cycle is shorter than 640ms(up to or equal to 320ms)
· Interruptions to be allowed at activation for SCell measurement cycle equal to or longer than 640ms
· Exact way of specifying is FFS
· Whether 8ms activation time is enough to accommodate RF retuning is FFS
In addition, a number of items remained for further study (in addition to the FFS topics in the agreements

· Whether to allow interruptions at deactivation when SCell measurement cycle is higher or equal to 640ms is FFS
· Companies to provide further input on this issue at RAN4#62 bis
· How to specify the requirements for interruptions
· Companies to provide further input at RAN4#62bis
· Whether 8ms deactivation time is enough to accommodate RF retuning is FFS i.e. if interruptions at deactivation is allowed.
In this contribution, we provide views on how to close the outstanding issues. A corresponding text proposal is also provided, which could form the basis for a RAN4 CR.

2. Discussion

Our view is that the first, fundamental topic which needs to be discussed in RAN4 is the definition of a retuning interruption. In the earlier discussion related to deactivated SCell measurement cycle, different views on the likely impact of interruptions partly stemmed from differences in the understanding of the impact of retuning, which can be considered at a number of different levels ie
· The time taken for changing an RF synthesiser. This is typically quite rapid – 0.5ms was assumed in deriving interfrequency measurement gaps, and practically it could be even less, especially if the LO frequency does not need to be adjusted by a large amount. For the CA case, RF reception or transmission bandwidth is typically changed, there may also be a need to switch analogue filter components to accommodate the new bandwidth but again this can be achieved rapidly allowing for any transient effect which may occur when the filter is switched. Thus, we can conclude that RF switching is of the order of hundreds of uS.
· The time taken by baseband algorithms to adapt to the new situation. A glitch will be seen by channel estimation etc when the RF components are switched. Averaging periods are typically of the order of 1-2 subframes, so there may be a degradation in baseband performance for a short time after the RF is operating at the new bandwidth. Other baseband algorithms such as automatic gain control may also need some time to adapt to the new operating environment.
· Possible HARQ interactions. If we assume that both uplink and downlink are impacted for 1 subframe then potentially two downlink packets may need to be retransmitted, one due to the actual interruption in downlink reception and the other due to the fact that the UE is unable to send a HARQ acknowledgement on PUCCH for a previous packet that was successfully received when the transmitter is not available.

Considering that there can be different definitions of a retuning glitch we think it is important that RAN4 reaches a common understanding of what is being discussed. For the purposes of this discussion, our understanding is that a short interruption of both uplink and downlink (eg 0.5ms) could cause loss of 2-3 TTIs on the downlink, and similarly on the uplink due to the effects mentioned. The exact impact depends on implementation issues such as channel estimation algorithms, and whether the uplink needs to be stopped when the downlink is modified and adjusted. It should also be kept in mind that retuning the receiver to narrower bandwidth when SCell is deactivated can have performance advantages by removing interference and possible RF images from the analogue receiver bandwidth. Now we consider the different areas which need further study in the way forward
· Interruptions to be allowed at configuration and deconfiguration

· Exact way of specifying is FFS

For this RRC procedure, 36.331 already specifies a relevant RRC procedure delay of 15ms. This time is more precisely defined in 36.331 as

The UE performance requirements for RRC procedures are specified in the following table, by means of a value N:

N = the number of 1ms subframes from the end of reception of the E-UTRAN -> UE message on the UE physical layer up to when the UE shall be ready for the reception of uplink grant for the UE -> E-UTRAN response message with no access delay other than the TTI-alignment (e.g. excluding delays caused by scheduling, the random access procedure or physical layer synchronisation).

Our view is that the UE would not send RRCConnectionReconfigurationComplete (or be ready to send it) until it has reconfigured its L1 for carrier aggregation on/off as requested. The 15ms procedure delay should be sufficient to reconfigure the RF and baseband to a new centre frequency and bandwidth, and it follows that there may be a retuning interruption occurring within the 15ms window. If RAN4 sees a need to specify the duration of PCell packet loss during the 15ms window then 2-3 TTIs may be lost as previously indicated. However, our view is that RRC reconfigurations are likely to occur quite infrequently and it may be sufficient simply to allow that interruptions to PCell may occur for some part of this 15ms period. Whether this needs to be explicitly stated in RAN4 specifications is also questionable. In general, it may be overly detailed to define RRM requirements when the UE undergoes a major change of internal state and other than expecting that the UE has completed the internal state changes when it is ready to send the RRCConnectionReconfigurationComplete message, it may not secure much for the good operation of the system to specify details of what happens shortly prior to this period.
This is especially true since the retuning functionality would already be tested from a measurement perspective by the deactivated SCell measurement testcases, and it seems highly unlikely that an implementation would pass the 0.5% packet drop requirement and yet have long retuning interruptions triggered by SCell Configuration/deconfiguration.
· Whether 8ms activation time is enough to accommodate RF retuning is FFS

The 8ms activation time includes approximately 2ms implementation margin. If a MAC-CE command implying activation comes on subframe N, the HARQ ACK for the command would be sent on subframe N+4. As it is important that the acknowledgement is transmitted, then assuming an uplink interruption to PCell communications, the UE either needs to complete reconfiguration before transmission of the ACK or between the transmission of the ACK and the start of reception of the SCell. Considering that there are 3 subframes after the transmission of ACK before the SCell activation time, this would seem sufficient. Hence our view is that the 8ms activation time is enough to accommodate retuning. 
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Figure 1: Activation time of SCell

· Whether to allow interruptions at deactivation when SCell measurement cycle is higher or equal to 640ms is FFS

· Companies to provide further input on this issue at RAN4#62 bis

In RAN4#62, there was a proposal that retuning should be disallowed on deactivation, even for the long deactivated SCell measurement cycles with the understanding that UE that wish to do retuning could defer the retuning operation until the end of next convenient deactivated SCell measurement cycle. Our understanding is that this specifies allowed UE implementation at a detailed level, and goes beyond the remit of a 3GPP requirement. While the motivation is to reduce the number of glitches, we note that there will already be 2 retuning glitches per 640ms if the UE remains in a steady stated and deactivated with a 640ms measurement cycle, so the proposal only starts to have impact if the activation/deactivation rate tends towards 640ms. On the other hand, if the activation/deactivation rate is comparable to 640ms then the UE will often spend a significant part of its “deactivated time” with full receiver bandwidth, and we can ask the question of whether it is worth implementing the additional complication of retuning in this case at all.

Moreover, RAN4 should be concerned with the performance impact of glitches rather than the glitch count itself and a UE which is able to perform retuning (for example) in a few hundred uS may offer a sufficient level of performance in terms of packet drop probability with more frequent interruptions than a UE which spends 1ms on retuning. It should be noted that the definition of a glitch may be somewhat “soft” and we have a concern that companies have a very specific implementation in mind when indicating that interruptions on deactivation need to be deferred until the end of the next SCell measurement cycle.
· How to specify the requirements for interruptions

· Companies to provide further input at RAN4#62bis

· Whether 8ms deactivation time is enough to accommodate RF retuning is FFS i.e. if interruptions at deactivation is allowed.

Similarly to activation, our view is that the 8ms deactivation time would be enough to accommodate RF retuning. 
Regarding the means of specifying the interruptions, there seem to be two important attributes

1. Retuning is completed within the 8ms activation time so that the UE is ready to receive the SCell at the expected time. Deactivation is a bit less time critical than activation in that it does not matter if the UE continues to receive the SCell even after a MAC-CE command to deactivate it, but on the other hand interruptions to the PCell are equally relevant to activation and deactivation cases, and it makes sense to use the same 8ms window approach for both

2. Retuning should not affect the transmission of HARQ ACK to acknowledge the MAC-CE command.

Summarising our proposals on the open items for retuning:

· Proposal 1 : There can be different definitions of what is meant by a glitch, and it is important that RAN4 finds a common definition to discuss the impacts. The definition may be somewhat soft because for a part of the “glitch period” the UE may be able to receive or transmit with a reduced performance. RAN4 needs to discuss the definition if the duration of glitches is to be defined.

· Proposal 2 : Interruptions should be allowed at CA configuration and deconfiguration regardless of SCell measurement cycle (which does not apply when CA is not configured). It is important that a CA capable UE can be configured to non CA operation and this requires retuning. 

· Proposal 3 : Any retuning at configuration/deconfiguration of CA should be completed as a part of the RRC procedure delay and by the time it is ready to send the RRCConnectionReconfigurationComplete message, retuning should be completed. 

· Proposal 4 : Any retuning at SCell activation/deactivation should be completed within the 8mS window

· Proposal 5 : Retuning should be allowed on SCell deactivation as well as activation

· Proposal 6 : Considering that retuning can be limited to various windows at configuration/deconfiguration/activation/deactivation, it seems possible to avoid specifying maximum duration of retuning, other than that it should be completed within the allowed window

· Proposal 7 : UE should avoid retuning around the time that it needs to transmit a HARQ acknowlegdement for an activation/deactivation MAC CE command.
Based on these proposals, we provide a text proposal for specification text to describe the requirements at activation/deactivation/configuration/deconfiguration. The text proposal is targeted at 36.133, however it could also be discussed that since requirements are somewhat functional in nature that what is being discussed is related to RAN1 specifications.

--- Start of Text proposal ----

When a UE is newly configured for intraband carrier aggregation, any interruptions to the PCell uplink or downlink shall be completed prior to the UE being ready to transmit RRCConnectionReconfigurationComplete.

When a UE operating with intraband carrier aggregation is reconfigured to non carrier aggregation operation, any interruptions to the PCell or SCell uplink or downlink shall be completed prior to the UE being ready to transmit RRCConnectionReconfigurationComplete.

When a MAC-CE command implying activation or deactivation of an intraband SCell is received on subframe N, any interuptions to PCell or SCell uplink or downlink shall be completed before the start of subframe N+8. In addition, any uplink interruptions shall be timed such that they do not affect the HARQ acknowledgement of the MAC-CE command.

3. Conclusions

In this contribution we provide proposals for interruptions at Activation/Deactivation and Configuration/Deconfiguration. Based on the following proposals, a short text proposal is developed which may form the basis for requirements related to retuning.
· Proposal 1 : There can be different definitions of what is meant by a glitch, and it is important that RAN4 finds a common definition to discuss the impacts. The definition may be somewhat soft because for a part of the “glitch period” the UE may be able to receive or transmit with a reduced performance. RAN4 needs to discuss the definition if the duration of glitches is to be defined.

· Proposal 2 : Interruptions should be allowed at CA configuration and deconfiguration regardless of SCell measurement cycle (which does not apply when CA is not configured). It is important that a CA capable UE can be configured to non CA operation and this requires retuning. 

· Proposal 3 : Any retuning at configuration/deconfiguration of CA should be completed as a part of the RRC procedure delay and by the time it is ready to send the RRCConnectionReconfigurationComplete message, retuning should be completed. 

· Proposal 4 : Any retuning at SCell activation/deactivation should be completed within the 8mS window

· Proposal 5 : Retuning should be allowed on SCell deactivation as well as activation

· Proposal 6 : Considering that retuning can be limited to various windows at configuration/deconfiguration/activation/deactivation, it seems possible to avoid specifying maximum duration of retuning, other than that it should be completed within the allowed window

· Proposal 7 : UE should avoid retuning around the time that it needs to transmit a HARQ acknowlegdement for an activation/deactivation MAC CE command.
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