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1. Introduction
The current working assumption on intracell uplink power is as follows ‎[1]

 REF _Ref174863513 \n \h 
 \* MERGEFORMAT ‎[2]. The UE sets the output power P according to the formula:


P = min{Pmax, 10logM + P0 + ·PL + f(delta_i}+ delta_mcs}  [dBm]
 LISTNUM equation \l 4 
Where Pmax is the maximum UE power, M is the number of scheduled resource blocks, PL is the estimated pathloss, P0 and  are parameters controlling the received power, delta_i is a UE specific offset, and delta_mcs is a Modulation and Coding Scheme (MCS) specific offset.
More specifically, the following conclusions were reached at the last RAN1 meeting ‎[3]:
· Pmax: fixed value (depends on UE class, RAN4 issue)

· Value of number of assigned RBs M=1…110, update rate is TTI

· Support of UE specific Po, with cell specific Po as special case (same value for all UEs). 

· Signalling FFS in RAN2. (LS shall be prepared in R1-073882)

· Separate value of Po for PUSCH and PUCCH 

· 1dB resolution for Po
· 8 values of α : 0.4 … 1 in steps of 0.1, in addition 0 is supported

· Delta_i for PUSCH, PUCCH accumulation: 2 bits

· Largest value is +3dB, exact values FFS.

· PL is the downlink path loss calculated in the UE

· Derived from RSRP measurement and signalled RS Tx power 

· Should be described in 36.213, but no reported UE PL measurement needed for the UL PC formula.

Some issues are however still open, and are subject of ongoing discussions. This paper discusses these issues, and proposes solutions.

2. Open Issues and Proposed Solutions

This section goes through the open issues and proposes solutions.
1) Parameters of PUSCH formula

a) Po dynamic range. R1-073744 includes a proposal for dynamic range [-126dBm, 24dBm]. Can we agree on this?

Yes. A slightly wider range could also be used if 8 bits are used to encode P0.
b) delta_mcs – The current agreement is that delta_mcs is signaled by RRC (table entries can be set to zero). Proposals for delta_mcs values? 

Exact delta_mcs values are outside the scope of the standard. The coding of these values should be specified though. It is proposed to use differential encoding of the table (0, 1) dB. Some MCS must also be defined as reference MCS. E.g. QPSK with rate ½. 
c) delta_i – For accumulation case the current agreement is 4 values and that the largest value is +3dB. [x, y, z, +3] dB. Values for x, y and z?

It is proposed to have the values [-1, 0, +1, +3] dB. The 0dB value is used to avoid toggling UEs with appropriate power +/-1dB.  
d) Absolute value PC commands – How many values? Dynamic range?

It is proposed to use two bits, to get the same PDCCH format as in the accumulation case. Values are TBD. With UE specific P0, the need for absolute value PC commands is reduced. 
2) PUCCH PC
a) Po dynamic range – Because full path loss compensation is used always, dynamic range may be smaller than with PUSCH PC.

Yes, with =1.0 P0 becomes P0 = (SINR0 + IN), i.e. the desired received power per RB.  In this case a smaller range is sufficient, e.g. [-126, -96] dB, or possibly [-130, -100] dB to support lower SINR targets for PUCCH. 

b) Delta_i. – Same values as for accumulation case in PUSCH?

Yes.
3) PC for SRS. 

Current agreement is that SRS follows PUSCH with an offset. According to RAN4 liaison power transients in the subframe should be avoided and all the SC-FDMA symbols in the sub-frame should be transmitted with the same power. Based on this, offset is not needed but SRS and PUSCH have the same power. If bandwidth of SRS is different than PUSCH data transmission then PSD of the SRS is different than PUSCH.

The above is valid for the case when the SRS and PUSCH are transmitted in the same TTI. When the SRS is transmitted alone, its power still needs to based on a reference PUSCH MCS and RB allocation. It is proposed to use the reference MCS QPSK rate ½, and a reference number of RBs corresponding to the number of RBs allocated to the SRS, scaled down with the ‘repetition factor’ (so that the PSDs of the SRS and would-be PUSCH are the same). 
4) PC for persistent scheduling

The agreement in Orlando was that same mechanism as PUCCH is used. My understanding is that it means that PC commands are transmitted in the same way as with PUCCH (DL grant or joint coding in PDCCH). Also my understanding is that same formula is used for persistent PUSCH as for scheduled PUSCH. We should clarify what is meant by "same mechanism":

a) Are persistent PUSCH and PUCCH power controlled independently or are the same PC commands applied to both of them?
b) Are persistent PUSCH and scheduled PUSCH power controlled independently or are they connected e.g. by having an offset between them (or is the offset between persistent PUSCH and PUCCH as indicated in the draft agenda for Shanghai)?

The working assumption is a bit unclear. Figure 1 contains one interpretation of the current text in TS 36.213. The mapping of TPC commands to PUCCH and PUSCH depends on the source of the TPC command and the usage of persistent and dynamic scheduling in a rather complex way. Additionally, there are some unclear situations (see further examples in Appendix B): 

· Shall TPCs included in UL grants for retransmission be discarded when persistently scheduled, or do they apply to the retransmission and/or future persistently scheduled RBs?

· If an UL grant for dynamic scheduling is received when persistently scheduled, shall any TPC included in it be discarded for the persistent RBs?

· If f(*) is signaled as absolute and a mix of joint coded TPC (always accumulative) and UL grant TPC are received, how shall TPCs be combined?
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Figure 1. Mapping between TPC command sources and physical channels. One interpretation of working assumption. Terminology: Dynamic (D), Persistent (P), Retransmission (ReTx).

To resolve these issues it is suggested to have the same behavior independent of PUSCH scheduling principle (non-persistent/dynamic and persistent), and that all received TPCs are used similarly in both cases. There is hence only one PC process for PUSCH, which applies to both dynamic and persistent scheduling (PSD may differ depending on MCS), not one process per ‘service’. All TPCs in UL scheduling grant and TPC-PDCCH apply to all scheduled PUSCH resource blocks, dynamic and persistent. It is also assumed that there is a strict scheduling priority in the UE so that the services are not assigned to different scheduling processes. Thus the content in persistent resource is not locked to e.g. VoIP. 

Regarding the jointly coded TPC commands (TPC-PDCCH), we see two alternatives as outlined in Figure 2 and Figure 3 respectively:

· The same power control commands apply to both PUSCH and PUCCH but are accumulated together with the ordinary TPCs (on uplink grants and downlink scheduling assignments respectively) individually. 

· There are separate power control commands for PUSCH and PUCCH
A limitation of the first approach is that, when sending the TPC-PDCCH, the eNB needs to use the same delta for PUSCH and PUCCH. The second alternative implies more flexibility in the power control but, obviously, implies additional overhead due to the power control commands. 

A possibility would be to see the case in Figure 2 as a special case of Figure 3. In essence, the UE could be separately configured with a TPC-PDCCH for PUCCH (assumed to be identified by a certain RNTI) and a TPC-PDCCH for PUSCH (also identified by a certain RNTI), i.e. the alternative in Figure 3. However, nothing would prevent the network from simply configuring the same RNTI for the two cases, effectively leading to the lower-overhead alternative of Figure 2.
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Figure 2. Mapping between TPC command sources and physical channels.  Preferred solution – no (TPC) difference between dynamic and persistent scheduling, common TPC-PDCCH for PUSCH and PUCCH.
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Figure 3. Mapping between TPC command sources and physical channels. Alternative solution – no (TPC) difference between dynamic and persistent scheduling, separate TPC-PDCCH for PUSCH (STPC-PDCCH) and PUCCH (CTPC-PDCCH).
Finally, how to combine absolute TPCs in UL grants and accumulative TPCs in TPC-PDCCH needs to be defined. Alternatives include (i) to discard TPC-PDCCH TPCs (if used) when using absolute UL grant TPCs, and (ii) to accumulate the TPC-PDCCH TPCs, but ‘reset’ when a new absolute TPC is received. 
5) Power headroom signalling

a) Signalling of the power headroom was discussed also before Athens meeting and most of the companies supported MAC signalling similar to HSUPA . Can we agree on this?

It is proposed that the UE power headroom report is transmitted based on RRC configured triggering conditions and is that is transmitted as a MAC control element.

6) Other open issues – not in mail discussion

a) How to encode TPC bits in the joint PDCCH?

It is proposed to use the values [-1, 0, +1, +3] dB. Possibly the +3dB value could be replaced by a spare value. 
b) When is the accumulative PC process reset?

This could either be done after handover, when entering active state, or a after a timer expires.

3. Summary

It is proposed that:

· Include the possibility no to change power in the TPC commands, e.g. through a 0dB delta
· PUSCH and PUCCH are power controlled independently
· There may be separate or the same TPC-PDCCH for PUSCH and PUCCH
· There is only one PC process for PUSCH, which applies to both dynamic and persistent scheduling 
· Note that the PSD may differ depending MCS
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A. The Range of P0 

The SNR reached by a ‘cell-edge’ UE (a UE just reaching P=Pmax) depends on P0, , and M. Consequently, the range of P0 should be such that it supports a wide range of receiver SNRs, for the full range of , and M. 

Neglecting the ‘short term variations’ f(i ) and MCS, the ‘average’ transmit power is


P = min{Pmax, 10logM + P0 + ·PL}  [dBm]
 LISTNUM equation \l 4 
Assuming an average noise plus interference level of IN dBm per RB, the resulting uplink SINR is

SINR = P – PL – (IN+10logM) = 
= min{Pmax – PL – (IN+10logM), 10logM + P0 + ·PL– PL – (IN+10logM)}  
 LISTNUM equation \l 4 
For a UE that just precisely uses P=Pmax, the pathloss PL is given by

 
Pmax = 10logM + P0 + ·PL


( PL = (Pmax – P0 – 10logM) / 
 LISTNUM equation \l 4 
Hence, for a ‘cell-edge’ UE, with P=Pmax and using M=M0 RBs, to reach a desired SINR = SINR0, the associated P0 value can be found by ‎(3) and ‎(4)

 SINR0 = Pmax – PL – (IN+10logM0) = 


= Pmax – (Pmax – P0 – 10logM0) /  – (IN+10logM0) 


( ·(SINR0 + IN+10logM0 - Pmax) = Pmax – P0 – 10logM0

( P0 = ·(SINR0 + IN) + (1–)·(Pmax – 10logM0)
 LISTNUM equation \l 4 
Now, the range of P0 should be set so as to cover the full range of interesting target SINRs, for all possible values of alpha and M0, and a wide range of IN. The following ranges may be assumed:

· SINR0 = [-5, 25] dB  
·  = [0, 1]

· M0 =[0, 110] 

· IN = PN0 + NF + IoT dBm = -121dBm + [0, 30] dB = [-121, -91]dBm 
 
Figure 4 plots P0 as a function of SINR0 and  for M0 = 100 and IN = -91dBm (resulting in high P0 values). In Figure 5, M0 = 1 and IN = -121dBm (resulting in low P0 values) is assumed. It is seen that to cover these cases, the range of P0 should be from some -126dB to +24dB. More specifically, the minimum value occurs at =1, and is P0 min = SINR0 + IN, and the maximum value occurs at =0, and is P0 max = Pmax – 10logM0.

The range of P0 is thus quite large, some 150dB. However, for a given value of , the interesting range for P0 is much smaller. Further, P0 increases close to linearly with decreasing . As depicted in Figure 6 and Figure 7, the variation in P0 + 100· is in the range [-28, 34] dB, which is much smaller than the variation of P0.

This may be utilized by instead of explicitly signaling P0 signaling the parameter K = P0 + 100.
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Figure 4. P0 versus SINR target and . Note that =0.25 is now replaced by =0.4. 
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Figure 5. P0 versus SINR target and . Note that =0.25 is now replaced by =0.4.
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Figure 6. P0 + 100* versus SINR target and . Note that =0.25 is now replaced by =0.4.
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Figure 7. P0 + 100* versus SINR target and . Note that =0.25 is now replaced by =0.4.
B. Examples of Power Control Operation

Also in the semi-persistent scheduling case there are UL grants and DL assignments that can contain TPCs. This overhead efficient control possibility must be utilized. See the examples in Figure 8 and Figure 9 for PUSCH and PUCCH respectively. In the VoIP persistent case with HARQ retransmission rate of 10% there is a 5Hz power control channel available, 1/(20ms/0.1). This applies both in UL grant for PUSCH and DL assignment for PUCCH. During DTX the SID frames are dynamically scheduled enabling TPC control. In addition there is also a talk burst dependent scheduling. In a mixed service case with a combination of persistent and dynamic scheduling there are also TPC that should be utilized. 


[image: image8]
Figure 8. Proposed power control mechanism for PUSCH. Mixed service case, persistent and dynamic scheduled.  There are several opportunities to send TPCs. Despite common TPC-PDDCH, persistent and dynamic RBs may use different power (due to different M and delta_mcs). 
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Figure 9. Proposed power control mechanism for PUCCH. Downlink mixed service case, persistent and dynamic scheduled.  There are several opportunities to send TPCs.  In addition to the TPC-PDCCH, TPCs are available in DL assignments for dynamic scheduling and retransmissions for persistent scheduling.
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� It is here assumed that PN0 = 10·log (180kHz · 4·10-21 W/Hz / 1mW) = -121dBm. NF is the noise figure, and IoT is the rise of the interference over the thermal noise.
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