3GPP TSG-RAN WG2 Meeting #100             







R2-1713176
Reno, Nevada, USA, 27 Nov-1 Dec 2017        



Agenda item:
10.3.1.12
Source: 
Huawei, HiSilicon

Title: 
Remaining issues of PHR procedure and power management
Document for:
Discussion and Decision
1. Introduction
NR supports both open loop and closed loop power control for UL. In this paper, we discuss the remaining issues on PHR procedures and power management in NR.
2. Discussion
2.1. PHR procedure
PHR is reported on carriers with PUSCH resource allocated. However, PH can be calculated for all active cells. In cases where PUSCH or PUCCH are not transmitted, PH is calculated based on the reference format that is known to both network and UE. This type of PH is called virtual PHR, meaning that the PH is calculated assuming virtual PUSCH or PUCCH transmission. The virtual PH is considered useful for the uplink scheduling, but with possible loss of precision and accuracy compared with real PH which is calculated based on actual PUSCH or PUCCH transmission.
In legacy LTE, as the interval between the DCI reception with UL grant and the corresponding PUSCH transmission is fixed for all carriers, a UE knows whether or not any transmission is scheduled in the PHR reporting subframe on the activated serving cell when the UE calculates PHR. As the subframe length is the same for all carriers, the PHR reporting subframe for all CCs is aligned.

In NR with CA operations, there are some differences in PHR, including: 
•
 The slot length on different CCs could be different.
•
The interval between the DCI with UL grant and the scheduled UL transmission can be different on different cells.
For example, the UE has a PHR triggered. Then the UE receives a UL grant on CC1 and is going to send the PHR on CC1. Later the UE receives another UL grant on CC2 which schedules the UL transmission on CC2 which could be earlier than or overlapped with the scheduled UL resource on CC1. In the following, we would discuss the impact on PHR reporting and cancellation case by case.
· Case 1: Late UL assignment schedules earlier UL resources

As figure 1 shows below, the UL grant in slot 1 on CC1 schedules the UL transmission in slot 5 on CC1 and the UL grant in slot 3 on CC2 schedules the UL transmission in slot 7 on CC2. Slot 7 on CC2 is earlier than slot 5 on CC1.  
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Figure 1 PHR reporting in different TTI lengths (case 1)
There could be the following options for PHR reporting in this case:

· Option 1a: the PHR is sent on the CC where the UL grant is received earlier. In this option, the PHR will be sent in slot 5 on CC1, which has the earlier UL grant. 
· Option 1b: the PHR is sent on the CC where the UL resource is scheduled earlier. In this option, since the UL resource on CC2 is earlier than the UL resource on CC1, the PHR will be sent in slot 7 on CC2. 

We slightly prefer option 1b, since the LCP for the transmission on CC2 should be finished earlier. Also in case of grant free transmission where no UL grant will be received by the UE, option 1b is applicable. 

Proposal 1: In case there are multiple UL grants received, PHR is sent on the grant where the UL resource is scheduled earlier, whether or not the corresponding UL grant is received earlier. 

· Case 2: The overlapped UL resources start at the same time

As figure 2 shows, the UL grant in slot 1 on CC1 schedules the UL transmission in slot 5 on CC1 and the UL grant in slot 5 on CC2 schedules the UL transmission in slot 9 on CC2. Slot 9 on CC2 is overlapped with slot 5 on CC1. Moreover, slot 9 on CC2 begins at the same time as slot 5 on CC1. 
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Figure 2 PHR reporting in different TTI lengths (case 2)
In this case, since slot 5 on CC1 and slot 9 on CC2 begin at the same time, the UE may have two choices for sending the PHR, i.e. in slot 5 on CC1 or in slot 9 on CC2. If the UE chooses to send PHR in slot 5 on CC1, we should define which slot (i.e. slot 9 or slot 10) on CC2 is used to calculate PHR for CC2, as both slot 9 and slot 10 on CC2 are overlapped with slot 5 on CC1. For simplicity, it is suggested that the UE sends the PHR on the CC with the shortest slot length, i.e. slot 9 on CC2. For both CC1 and CC2, the UE will report real PHR, since slot 5 on CC1 and slot 9 on CC2 both have real transmissions.

Proposal 2: In case there are multiple UL grants received and the scheduled UL resources start at the same time, PHR should be sent on the UL resource of the shortest TTI length.
· Case 3: The overlapped UL resources start at different time

As figure 3 shows, in this case, the UL grant in slot 1 on CC1 schedules the UL transmission in slot 5 on CC1 and the UL grant in slot 6 on CC2 schedules the UL transmission in slot 10 on CC2. Slot 10 on CC2 is overlapped with slot 5 on CC1. Moreover, slot 10 on CC2 is later than slot 5 on CC1. 
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Figure 3 PHR reporting in different TTI lengths (case 3)
The first question is which UL resource is used for PHR reporting. As the resource of slot 5 start earlier, so its LCP process should be finished earlier and thus the PHR should be multiplexed into the TB in slot 5. Therefore, the earlier started resources should be used to report the PHR. 
Another issue is whether the PHR for CC2 is based on slot 9 or slot 10 on CC2, since both slots are overlapped with slot 5 on CC1. In our opinion, PHR for CC 2 could be based on the first overlapped slot (e.g. slot 9 on CC2), or the overlapped slot which has real UL transmission (e.g. slot 10 on CC2), or a pre-defined slot. Among those options, we tend to prefer the PHR should report real PH information.

Proposal 3: In case there are multiple UL grants received and the scheduled UL resources start at different time, PHR should be sent on the UL resource which starts earlier. The PHR should report real PH information on those carriers with UL resources scheduled.
To enable the UE following the behaviors suggested above when PHR reporting is performed, some rules should be specified as discussed blow. In NR, the timing between the PDCCH order and the actual PUSCH transmission can be reduced to 0 in some cases when the self-contain subframe is used. The UE is not aware of the UL resource allocation for a specific TTI until the PUSCH transmission is performed, as illustrated in above 3 cases. If UE cancels all triggered PHR(s) before it certainly confirms the resource allocation for the specific TTI, inaccurate PH(s) might be reported to the network on improper UL resources. For example, in case 1, if UE cancel the trigger PHR once MAC PDU begins to be assembled, there is no way to report the PH on the slot 7 of CC2 and the reported PH for CC2 has to be a virtual one which is not as accurate as real PH.
In TS36.321, it is specified that all PHR(s) are cancelled after the UE start or restart periodicPHR-Timer and prohibitPHR-Timer. However,  RAN2 doesn’t specific a exact time when periodicPHR-Timer and prohibitPHR-Timer start. Therefore, in order to inform the latest and timely PH information on proper UL resource to the network, the UE should not cancel the triggered PHR until actual uplink transmission of the PHR is performed, e.g. RAN2 should confirms that the periodicPHR-Timer and prohibitPHR-Timer start at the TTI or NR-UNIT of the corresponding uplink tranmssion including the PHR.
Proposal 4: RAN2 confirms that periodicPHR-Timer and prohibitPHR-Timer start or retart and all PHR(s) are cancelled at the transmission of PHR. 
Power management

P filed in the PHR MAC CE is used to indicate whether the MAC entity applied power backoff due to power management. In LTE, the basic principle for power management is that the maximum transmission power within a transmission interval should not exceed Pcmax. If the transmission power is expected to exceed Pcmax, UE will perform the power back off scheme that the transmission power on some channels should be reduced. In LTE, the relationship among the priority of each physical layer channel or signal in power management is given below [4]:

PRACH > HARQ-ACK = SR > CSI > PUSCH without UCI > SRS

Furthermore, in subframe i, the PUSCH transmission power should be reduced according to [4]:


[image: image4.wmf](

)

)

(

ˆ

)

(

ˆ

)

(

ˆ

)

(

PUCCH

CMAX

,

PUSCH

i

P

i

P

i

P

i

w

c

c

-

£

×

å


w(i) is the power back off coefficient which is used to scale the PUSCH transmission power in subframe i. The value of w(i) is determined based on the UE implementation. According to the equation, we can confirm that the PUSCH has lower priority than the PUCCH in power management, whilst the PUSCH on different carriers has the same priority. 

In NR, due to support of different set of physical layer parameters, multiple numerologies can be configured in FDM or TDM within a cell or cross cells. Different numerology may be defined to support different services in NR. Numerology with high priority or short TTI is expected to serve services/bearers with higher priority or with requirement of short latency.  Leaving the power management to the UE implementation in this case seems a simple but inefficient way. Furthermore, service with high priority cannot be treated differently compared with service with low priority. 

Based on the above observations, we think numerology or service priority needs to be investigated for the power management in NR.

· Option 1: numerology/TTI based priority

This solution is to perform power scaling based on numerology/TTI priority. Therefore, data transmitted on different numerology/TTI can be treated differently from the power management perspective. In LTE, power management is mainly a RAN1 issue since no priority concept is used. In order to use the priority concept in NR for the power management, the priority information of the numerology/TTI should be hardcoded in the specification or be delivered to the PHY from the higher layers. For example, the power back off coefficient w(i) for each numerology/TTI can be configured via higher layer signalling. 

· Option 2: service based priority

This solution is to perform power scaling based on service priority. In NR, a single numerology/TTI can be associated with multiple logical channels and a single logical channel can be associated with multiple numerologies/TTIs. When generating a MAC PDU for transmission on a specific numerology/TTI, multiple logical channels of different priorities and requirements will be multiplexed. For example, the MAC PDU transmitted on grant of high priority may only contain low priority data if the high priority data is exhausted. In this case, MAC PDU can be treated with lower priority, although transmitted on a high priority numerology/TTI. However, only MAC layer knows the data contained within the MAC PDU exactly. Therefore, the MAC could indicate the PHY layer the priority of the generated MAC PDU upon delivery of the corresponding MAC PDU from the MAC to the PHY layer.

Proposal 5: MAC may indicate the PHY layer the priority of the MAC PDU based on the service type.
3. Conclusion
In this contribution, we give some considerations on PHR triggering and cancellation, and we have the following observations and proposals:
Proposal 1: In case there are multiple UL grants received, PHR is sent on the grant where the UL resource is scheduled earlier, whether or not the corresponding UL grant is received earlier. 

Proposal 2: In case there are multiple UL grants received and the scheduled UL resources start at the same time, PHR should be sent on the UL resource of the shortest TTI length.
Proposal 3: In case there are multiple UL grants received and the scheduled UL resources start at different time, PHR should be sent on the UL resource which starts earlier. The PHR should report real PH information on those carriers with UL resources scheduled.
Proposal 4: RAN2 confirms that periodicPHR-Timer and prohibitPHR-Timer start or retart and all PHR(s) are cancelled at the transmission of PHR. 

Proposal 5: MAC may indicate the PHY layer the priority of the MAC PDU based on the service type.
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