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1 Introduction

In RAN4 San Francisco meeting #61 during the P-MPR ad-hoc session questions about P-MPR, applicability to 2G and 3G have been raised since the SAR is applicable to all 2G, 3G and LTE technology [1].

In this contribution we analyse the P-MPR possible impact on Rel-10 HSPA and possible improvements for Rel-11 which is currently active in RAN4.

2 Discussion

P-MPR was introduced in LTE to enable the UE to include, in both power control and power headroom reporting power, backoff needed to meet SAR requirements due to proximity detection and multi-RAT transmissions.  By including P-MPR in the configured maximum output power (Pcmax,c and Pcmax), the same value used for limiting maximum power in the power control calculations is used for the power headroom (PH) calculation.  By including the P-MPR in the reported headroom and reported Pcmax,c, the eNB is made aware of the backoff and is able to schedule accordingly.  Without this knowledge, the eNB may overschedule the UE resulting in scaling and reduced performance.
Since power control and headroom reporting are very different in LTE and HSUPA, we provide a brief summary before addressing P-MPR for HSUPA.
2.1 Power Control and Headroom in LTE and HSUPA

LTE

In LTE [36.213], the eNB controls UL scheduling at the TTI level, with the eNB providing UL scheduling grants indicating MCS, TB size, etc.  From the grant, pathloss, and accumulated TPC commands, the UE calculates per-channel transmission power which it caps at Pcmax,c.  The UE then determines the sum of the channel powers and scales back the power of the lower priority channels if the total power would exceed Pcmax.  

PH reports (PHRs) from the UE, which can be triggered periodically or by events, include PH and Pcmax,c values for each activated carrier (with the exception that Pcmax,c is not included with virtual headroom reports).  A PH value in the PHR corresponds to the Pcmax,c and channel power computed in the specific TTI in which the PHR is transmitted, and that Pcmax,c is the one included in the PHR.  The fastest rate of PHRs is once per prohibit window time, a configured value, typically on the order of 100-200ms.  One of the triggering events is a large change in P-MPR.  Also included in the PHR is a P-bit associated with each PH value indicating whether MPR or P-MPR is the dominating factor in the calculation of the reported Pcmax,c.
From PH and Pcmax,c, the eNB can determine UE transmit power.  From Pcmax (which is the same as Pcmax,c for intra-band CA and may be included [still FFS] in the PHR for inter-band) the eNB can determine if the UE is at max power and is scaling back.  From the P-bit, the eNB can determine if P-MPR is effecting Pcmax,c and, if there is scaling, if it is the cause of the scaling. 
HSUPA
In contrast to LTE, where the UE is provided by the network the exact TB size, MCS and other transmission parameters to use, in HSUPA the UE independently determines the transport block size and transmissions parameters to use by means of the E-TFC selection function.    

The Node-B provides on a dynamic basis UL scheduling grants to the UE via the absolute and relative grant channels (E-AGCH and E-RGCH).  Based on these commands the UE maintains a serving grant that restricts the maximum allowed power ratio (e.g. E-DPDCH to DPCCH power ratio) that can be used for scheduled data transmissions.   The absolute grant for each UE is not necessarily updated every TTI.   
Based on the serving grants, available power margin in the UE (e.g. set of supported E-TFCIs) and available data, the UE on a TTI basis performs E-TFC selection in order to select the set of transmission parameters, E-TFCI and associated MCS, etc. E-TFC selection takes into account the available data starting from the highest priority logical channels, the allowed serving grant, and the set of supported E-TFCIs (i.e., E-TFCIs that can be transmitted with the available power margin).   This procedure ensures that the selected E-TFCI never exceeds the maximum power available in the UE and the maximum power allocated by the network by means of the serving grant. If R99 data channels (DPDCH) are present in the TTI, E-TFC selection is performed after TFC selection (for transmission of data on DPDCH) only if there is available power in the UE. Maximum available power for TFC and E-TFC selection takes MPR into account.
Observation 1: For HSUPA, actual transmission power and transport block size is determined by the UE by TFC and E-TFC selection.  Maximum available power for TFC and E-TFC selection take MPR into account.
Power scaling will be performed by the UE if the UE would exceed its maximum allowed power.  This may occur during a retransmission or if the TFC (or E-TFC) selection process resulted in selection of a TFCI (or E-TFCI) from the minimum TFCI (or E-TFCI) set and the maximum power would still be exceeded.  Maximum allowed power for the power scaling function takes MPR into account.
Observation 2: Maximum allowed power for power scaling takes MPR into account.
Lastly, the UE may be configured by higher layers to report the maximum power condition.  The trigger for the report, event 6d in 25.331, is defined to occur according to the following:
· if the UE Tx power equals the maximum power the UE can transmit, i.e. the maximum UE TX power reduced by the power reduction used by the UE (for TDD its maximum value on a single TS) for a time period indicated by the IE "time_to_trigger"
From the trigger definition, maximum power for the report trigger takes MPR into account.
Observation 3: Event 6d may be used to report the reaching maximum power condition which takes MPR into account.
UL power headroom (UPH) reports are included in UL Scheduling Messages which can be periodic or event triggered; the main purpose of the event triggers are to inform the Node-B that the UE has E-DCH data to send and the current scheduling grant is not large enough to send any data.  The UPH included is defined as the ratio between the maximum UE allowed power and the averaged DPCCH code power and is an averaged measurement (for example over 100 milliseconds [25.133]), not a TTI-specific measurement.  This provides a rough indication of, on average, how much power is available for data after subtracting out the power needed for the control channel.  The maximum power used for UPH does not account for MPR.

Observation 4: Power headroom is an averaged estimate of available power and does not account for MPR. 

HSUPA has another mechanism which provides a more timely and accurate measure of over or under scheduling in the form of the Happy bit. With each UL transmission, the UE includes a Happy Bit [25.321] in the E-DPCCH which indicates whether the UE is “Happy” or “Not Happy” with the current UL grant.  Happy essentially means that the UE would not be able to use a bigger grant, due to power limitations or due to buffer limitation.  This allows the Node-B scheduler to determine that the UE may have just enough or too much serving grant and, in order to maximize capacity, may reduce or keep the grant unchanged.  Not Happy means the UE is currently using the given grant and has additional available power and data and would, therefore, be able to take advantage of a larger grant.  Based on these indications the NB can determine whether to increase, decrease, on not change the serving grant of the associated UE.  The determination of Happy or Not Happy is based on the UE’s maximum power (e.g. set of supported E-TFCI) which is determined by the available power margin which indirectly takes into account MPR.
Observation 3: Happy Bit is used to inform the Node-B whether or not the UE could take advantage of a larger grant.  UE determination of Happy bit is based on maximum power which takes into account MPR. 
2.2 P-MPR and HSUPA
From the summary above, maximum power (Pmax) is used in the following procedures: 

1) TFC selection, E-TFC Selection

2) Power scaling
3) Reporting of reaching maximum power (event 6d)

4) Happy Bit setting
5) UL Power headroom (UPH) reporting

While, MPR is taken into account in the first 4 procedures, the Happy bit setting relies on the output of the E-TFC selection, so theoretically, there are only three instances which account for MPR in HSUPA.    
A logical extension would be to include P-MPR in the Pmax for these procedures as well and, similar to LTE, the power reduction used should be the larger of MPR and P-MPR.  

The changes required to include P-MPR in addition to MPR in HSPA will include changes to the following specifications and sections:
· Pmax used for TFC and E-TFC selection, Section 6.5 in 25.133 

· Definition of event 6D, 25.331 

· Introduction of P-MPR definition in 25.101 and inclusion of P-MPR to determine maximum allowed power that is used by other procedures such as power scaling.
Out of the changes described above, we believe that there is a critical need to reduce the Pmax value used for TFC and E-TFC selection in 25.133.   This will ensure that E-TFCI and TFCI selection is optimally performed taking into account the real remaining power in the UE.  Otherwise, transport block size requiring more power than available may be created resulting in the need for excessive power scaling and potential loss of packets.  
Therefore we propose that for R10 and R11 the Pmax definition and allowed transmit power used for TFC, E-TFC selection and power scaling are updated in 25.133 and 25.101.  

Proposal 1: Include P-MPR reduction in Pmax used for TFC selection and E-TFC selection in 25.133 and in allowed transmit power used for power scaling in 25.101.  
The definition of event 6D can also be easily extended to account for P-MPR by updating the text in 25.331 to state that the maximum UE TX power reduced by the power reduction and P-MPR is used.  

This modification can be easily done without any ASN.1 impacts to the specs and should be considered.

Proposal 2: Update the definition of maximum UE Tx power used for event 6d in 25.331 to also account for P-MPR.  

CRs correcting the identified sections can be provided if the proposals are agreed
For UPH, which does not include MPR, inclusion of P-MPR may also not be necessary.  UPH helps the Node-B scheduler choose the upper bound for the scheduling and then the Happy bit is used more real time to adjust that grant.  Therefore, a more accurate UPH may be helpful, but is not essential or critical to enable correct HSPA operation.  In addition, since the UPH is an averaged measurement and P-MPR may be changing during the averaging window, the accuracy of the UPH when including P-MPR may be questionable. 
Proposal 3: Do not include P-MPR in Pmax for UPH for R10.  Inclusion for R11 is FFS.

The changes proposed above would ensure that the Pmax the UE is using accounts for P-MPR in these procedures, but would not provide a way for the RNC to know when P-MPR is dominating the Pmax calculation or when there is a large change in P-MPR.   
For R10, however, it may not be possible to include signaling to report this since the ASN.1 is frozen.  Additionally, as long as the UE performs proper E-TFC selection and proper power scaling accounting for this P-MPR, the complexity associated to modifying ASN.1 does not justify such changes.  
Proposal 4: RAN4 should discuss if signaling change is critical for R10 in light of the status of the ASN.1.
For R11, including such indications would be possible.  For example, UL Scheduling Message could be triggered when P-MPR changes significantly and then P-MPR could be included in an extended Scheduling Message.  Event 6d report could be modified to include an indication as to whether P-MPR is dominating Pmax when max power is reached and possibly P-MPR could be included.   
It is noted that the mechanism used in LTE (including Pcmax,c and the P-bit in the PHR) may not be suitable since UPH is an averaged measurement.

Proposal 5: RAN4 should discuss whether signalling would be useful to add for R11.
3 Conclusion
In this contribution we analysed the P-MPR possible impact on Rel-10 HSPA and possible improvements for Rel-11:

Proposal 1: Include P-MPR reduction in Pmax used for TFC selection and E-TFC selection in 25.133 and in allowed transmit power used for power scaling in 25.101.  

Proposal 2: Update the definition of maximum UE Tx power used for event 6d in 25.331 to also account for P-MPR.  

Proposal 3: Do not include P-MPR in Pmax for UPH for R10.  Inclusion for R11 is FFS.

Proposal 4: RAN4 should discuss if signaling change is critical for R10 in light of the status of the ASN.1.

Proposal 5: RAN4 should discuss whether signalling would be useful to add for R11.
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