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1 Introduction

In [1] some limitations related to the current coverage measurements and switching procedures were analysed. 

It was highlighted how the tuning of coverage measurements based on Measurement Report 6A and 6D may be challenging due to the necessity of avoiding too early or too late triggers. Measurements based on UPH provide a better coverage indication since they are based not only on the maximum UE Tx power but also on the UL DPCCH power. However these measurements do not make use of filtering, time to trigger and hysteresis, hence they are subject to fluctuation. Furthermore the UPH measurements are not available in the RNC, which takes the decision on when to initiate the switch and do not have their own triggers.
The synchronized switching procedure was also analyzed, describing the trade-off between the choice of a short activation time, to gain coverage, and a more conservative activation time, to guarantee robustness. It was highlighted how improvements aimed at reducing the switching procedure lead time and at increasing the procedure robustness would allow gaining 2ms TTI coverage
This paper provides a description of possible improvements aimed at addressing these limitations.
2 Discussion
2.1 Coverage measurement improvements

As already described in [1], the UPH may be used as a coverage measurement, since it provides an indication of the UL DPCCH and not only of the UE Tx power. 

UPH measurements do not rely on any filtering, apart from being averaged over a fixed 100 ms period. A possible improvement would be introducing additional and configurable measurement windows or filter conditions, as for current L3 measurements. Similarly, other L3 mechanisms, such as triggering thresholds, hysteresis margins, time-to-trigger, repetitions after trigger etc. may be introduced.

Regarding the signalling aspect, the UPH measurements may be sent to the network either via RRC signalling (e.g. using a Measurement Report, by introducing new reporting quantities and measurement quantities in the Measurement Control,) or via the MAC protocol. In case MAC based UPH reports are used, several alternatives are possible. For instance: 

· the UPH report might be transmitted as in legacy i.e. as part of a SI 

· a new 18 bit or larger MAC-i PDU format might be defined for this purpose

· a special MAC-i header might be defined for UPH MAC reports, allowing a flexible UPH size

In case of MAC based UPH measurements, the results received by the NodeB may be forwarded to the RNC by introducing some new Iub signalling, if needed.
Proposal 1
Discuss and agree UPH based measurement improvements



2.2 Switching procedure improvements

In [1] it was described how the speed and robustness of the switching procedure may be improved by introducing a lower layer handshake (MAC or L1) between UE and NodeB allowing the network not to determine beforehand the activation time (i.e. the activation time would be “now”), but guaranteeing at the same time that both NodeB and UE are synchronized). The switching procedure speed may be further improved by use for instance of (1) pre-configurations and L1 orders or (2) reducing the needed signaling between the NodeB and RNC, for instance letting the NodeB determine when to switch the TTI.
In light of these considerations, two main tracks for an improved switching procedure may be identified:

· RNC-initiated

· NodeB-initiated

In the RNC-initiated switching procedure, the baseline synchronized procedure is modified so that the activation time is set to “now” and the actual switch time is determined by a handshake between the EU and the serving NodeB. 

Figure 1 below shows an example. The UE is initially configured with 2ms TTI and RRC Measurements, which in this example are UPH based. When the TTI switch decision is taken, the Radio Link reconfiguration between RNC and NodeB is carried out as in legacy. The RNC will then order the UE to switch to 10 ms TTI, indicating an activation time “now” and a UE-NodeB handshake. The UE will send a “Ready to switch” indication to the NodeB (this may be done for instance using 18-bit or larger MAC-i PDU), which will be responded by the serving NodeB by means of a HS order. In case of missing acknowledgement the UE will re-transmit the “Ready to switch” indication. Both UE and the network will switch to 10ms TTI a predefined number of TTIs after the transmission of the HS order. Finally, the RNC will update all the NodeBs about the switch in case some are out-of-sync during the procedure (the in synch NodeBs have the possibility to receive the “Ready to switch” indication).
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Figure 1
RNC-initiated switching procedure
The NodeB-initiated switching procedure relies on MAC UPH reports and 2ms TTI pre-configuration. Unlike the RNC-initiated switching procedure, the TTI switch decision is taken by the serving NodeB in this case. 
Figure 2 below shows an example. The UE sends a UPH report (18-bit or larger MAC-i PDU, as described in the previous section) to the NodeB when the triggering criteria are met. The serving NodeB responds sending a HS order. If the HS order is not sent by the NodeB or not received by the UE, the UE will re-transmit the UPH report according to a configurable repetition pattern. Both UE and the network will switch to 10ms TTI a predefined number of TTIs after the transmission of the HS order. Finally, the serving NodeB will inform the RNC of the TTI length update and the RNC will forward the information to all the NodeBs in case some are out-of-sync during the procedure (the in synch NodeBs have the possibility to receive the UPH report).
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Figure 2
NodeB-initiated switching procedure

Proposal 2
Discuss and agree methods for a faster and more robust EUL TTI switch. 


 
3 Conclusion
Based on the discussion in section 2, the following is proposed:

Proposal 1
Discuss and agree UPH based measurement improvements
Proposal 2
Discuss and agree methods for a faster and more robust EUL TTI switch. 
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