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1. Introduction
This contribution proposes a list of measurements the UE should implement and/or report to its serving cell in order to perform the physical layer procedures. In particular, the focus is on handover and UL power control procedures and shows that an automatic single-bit reporting triggered when the UE reaches its maximum power can be an efficient way to address both. In addition, we propose that, in conjunction to DL measurements, the estimate UL transmit power in neighboring cells is reported to the serving cell as part of HO measurements
2. Handover
There are two types of measurements addressing handover:

· measurements used to trigger a handover (only within the serving cell)
· measurements used to confirm the handover and select the target cell
2.1. Handover trigger
We consider the possible metrics the serving NodeB can use to decide a handover is imminent and trigger measurements on neighbouring cells to confirm the handover and select the target cell. Though reference symbol received signal strength indicators (RS-RSSI) and SINR are important measures for handover, their calculation and reporting may require long measurement intervals for target accuracy when the SINR is low. The NodeB can use alternative or auxiliary information along with the estimated SINR / RS-RSSI to determine if a handover is necessary. Some of this information is often already present at the NodeB and does not require additional signalling. That information includes but is not limited to: the block error rate (BLER) of a given UE, whether a UE is transmitting near its maximum power, the number of times a UE is scheduled, etc. More specifically, the following metrics can be used to trigger handover:

1. The number of Block Errors in the uplink. (This value is known at the NodeB as it requests another transmission.)

2. The number of Block Errors in the downlink. (This value is also known at the NodeB as it must retransmit.)

3. The UE competes for scheduling slots and is not scheduled.  (This information would be known to the NodeB.)

4. The lowest MCS is always allocated for that UE (UL and/or DL)
5. The reported CQI

6. The uplink transmit power is within a specified dB of the maximum transmit power.  (This can be transmitted to the NodeB via 1 bit of information.)

It should be noted that metrics 1-4 do not need any specific signalling, but can only be used when the UE has frequent DL or UL scheduling grants. In long DRX/DTX mode, only metric 6 can be used in complement to RS-RSSI: the UE monitors the UL Power Control parameters and maintains periodic (more frequent than the DTX interval) estimation of its required UL transmit power to the serving cell. Whenever this transmit power reaches (or is close to) the maximum UE power, the UE reports it through a 1-bit “Max Tx Power” indicator to the NodeB.
2.2. Handover confirmation and target cell selection

In this Section, we address the measurements performed by a UE, searching which neighboring cell could be the best candidate to handover (HO) to, from a radio-link quality perspective. These measurements are triggered by observed persistent radio link degradation with the serving cell. The simplest way to compare radio link qualities of neighboring cells consists in focusing on the DL radio link only. Indeed, such approach reduces to measuring and comparing the SINRs or signal strengths of the received DL reference signals from neighboring cells. The DL Synchronization Channel (SCH) is sufficient for that and there is no need to read any information on the BCH. However, despite its simplicity, a DL-SINR or signal strength-only HO trigger should be precluded for the following reasons:

· The DL and UL interferences can be very different

· UL-blind HO is risky as the UL Target SINR of the baseline serving open loop power control (OLPC) may vary from cell to cell so that DL SINR and signal strengths do not accurately reflect the practical UL radio link conditions the UE will need to operate in the target cell.

· It is shown in [2], that the Minimum Power Handoff (MPH) algorithm, in which the UE constantly searches for the NodeB that minimizes the UL transmitted power reduces the average transmit power by 4 dB compared to SIR Based Handoff.

As a result, we propose that, in conjunction to DL measurements, the estimate UL transmit power in neighboring cells is reported to the serving cell as part of HO measurements. This requires that the UE runs, for each neighboring cell, the baseline OLPC algorithm. In order to maintain a fast execution of this procedure, we suggest in [1] that these parameters are read on the P-BCH. Note these measurements do not necessarily ensure a handover will occur.  For example, if the reported alternative cells have an estimated transmit power that is on or near the maximum value, the handover may not happen.  If the UE was recently attached to the target NodeB, the handover may not occur.

3. UL Power Control

3.1. Open-Loop Intra – Cell Power Control
Baseline open-loop intra cell power control should be supported, at least for purposes of initial random access transmission. With baseline intra-cell power control, open-loop transmission power settings of a UE are based on measurements of parameters from the serving cell. Transmission power of a UE is set to be 
PUE-k = min{Ts – Ls,k + Js, PmaxUE}.


    (1)

Here, “s” is the index of the serving cell for UE “k”, PUE-k is transmit power setting of the UE, Js is the uplink interference level as measured by the cell “s”, Ls,k is the long-term propagation gain, and Ts is the target signal-to-interference ratio. In order to perform settings as in (1), the UE must perform appropriate measurements. The simplest method to achieve (1) is  
1. Each m-th cell broadcasts its common power baseline Bm = Pcell-m + Tm + Jm, where Pcell-m is the transmission power of the cell “m”. 
2. For the serving cell (m = s), the UE “k” measures broadcasted received signal power as (Pcell-s + Ls,k), which corresponds to the RS-RSSI.
3. UE “k” decodes the common power baseline Bs = Pcell-s + Ts + Js, broadcasted by the serving cell (m = s). 

4. UE computes Ts – Ls,k + Js = Bs – (Pcell-s + Ls,k), and performs power settings (1). 
Other methods are possible, which involve more broadcasted parameters, but they always involve measurement of the broadcasted and received signal power, by the mobile. Besides initial power settings, for the random access channel, the open – loop mechanism (1) can also be applied to the scheduled data channel [3]. For scheduled data channel Ts is adapted so that the NodeB (or cell) limits the percentage of mobiles which are transmitting at PmaxUE. Thus, UEs report when they reach PmaxUE, and each NodeB (or cell) performs periodic measurements of the percentage of such mobiles [3].  
3.2. Open – Loop Inter – Cell Power Control

An additional mechanism for meeting the high – end requirements of EUTRA is the open – loop power control which accounts for the interference to adjacent cells [4]. With such open – loop inter – cell power control mechanism, the transmission power of a UE is adjusted to be 
PUE-k = min {max {Ts – Ls,k + Js, (Tn - Gn) – Ln,k + Jn}, PmaxUE}.

(2)
Here, “n” is the index of the strongest non-serving cell, for the UE “k”. Furthermore, Gn is the [desired] received power gap between serving and non-serving mobiles, for the cell “n.” For example, Gn = 10dB. The parameter Gn can be made the same for all non-serving mobiles. Other parameters are as in section 3.1. The simplest method to achieve (2) is as follows 

1) Each m-th cell broadcasts its common power baseline Bm = Pcell-m + Tm + Jm, where Pcell-m is the transmission power of the cell “m”.

2) For the strongest non-serving cell (m = n), the mobile UE “k” measures broadcasted received signal power by measuring (Pcell-n + Ln,k), which corresponds to the RS-RSSI.
3) UE “k” decodes the common power baseline Bn = Pcell-n + Tn + Jn, broadcasted by the non-serving cell “n.”

4) UE “k” decodes the Gn for the strongest non – serving cell. 
5) UE “k” computes Tn – Gn - Ln,k + Jn = Bn – Gn – (Pcell-n + Ln,k).

6) UE “k” computes Ts – Ls,k + Js as outlined above in the intra – cell mechanism (section 3.1)

7) UE “k” performs power settings as in (2)
Other Open – Loop Inter – Cell power control methods are possible [with more broadcasted parameters], but they always involve measurement of the broadcasted and received signal power, from both serving and non-serving cells. Thus, measurement of RS-RSSI from serving cell (and from strongest non – serving, for inter-cell open loop power control) is required. Operating parameters, such as Tm, can be controlled to achieve optimum performance, as per [3, 4]. 
4. Conclusion

In this contribution, we listed a number of potential measurements to be used in the context of handover and UL Power Control procedures. In particular we proposed radio-link quality metrics to be used along with (or in place of) the conventional DL SINR/signal strength for handover trigger. We also identified that the RS-RSSI and a single-bit “Max Tx Power” indicator the UE autonomously reports to the NodeB can serve efficiently both UL Power Control and handover procedures. The estimated transmit power to neighbouring cells should also be taken into account when selecting the target NodeB to handover to.
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