
3GPP TSG RAN WG1 Meeting #87
R1-1611161 
Reno, USA, 14th - 18th November 2016
Agenda Item:
6.2.10.2.7
Source:
Huawei, HiSilicon

Title:
UL power control for short TTI
Document for:
Discussion and decision 

1 Introduction

This contribution mainly discusses the UL power control related aspects in short TTI transmission.
2 UL power control 
In receiving PUSCH, eNB performs demodulation assuming phase continuity between DMRS and data symbols. If there’s phase discontinuity, the receiving performance of PUSCH would be significantly impacted, even failed. According to LS from RAN4[1], “As long as the UE transmit power and the UE RF center frequency are not changed, no phase discontinuity in the transmitted signal is expected”.  Therefore, to keep phase continuity, UE transmit power has to be kept constant between DMRS and data symbols, otherwise, there would be random phase change due to inherent device character.
In DMRS sharing scheme for short TTI, if the UE transmit power is changed or UE transmission suspends for a few symbols between DMRS and data symbols, there may be phase discontinuity in the transmitted signals according to [1]

 REF _Ref465413408 \r \h 
[2]. This will lead to performance degradation for sPUSCH based shared DMRS. Therefore, the same UL transmit power in one RF should be configured for the short TTIs sharing the same DMRS to keep phase continuity.
Observation 1: The distance between UL DMRS and the corresponding sPUSCH should be within a few OFDM symbols, if there are gaps between DMRS and data symbols.

Observation 2: To keep phase continuity, the transmit power has to be kept constant between DMRS and data symbols.
Proposal 1: When multiple short TTIs scheduled to the same UE share a DMRS symbol, the transmit power for those sTTI should be set the same as that of the DMRS symbol in order to keep phase continuity.
2.1 Power control of sPUSCH or sPUCCH
Power control for PUSCH and PUCCH are specified in [3] for subframe i and serving cell c,
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For short TTI, a straightforward solution of power control to sPUSCH and sPUCCH is to re-use the same methodology of those of PUSCH and PUCCH, based on sTTI instead of subframe. Through most parameters of legacy operation can be reused in each UL grant, TPC may be excluded in each UL grant for sTTI, the reasons are that:

· channel coherence time
The channel coherence time based on [4] is calculated as
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Then, assuming carrier frequency as 2GHz, the relationship between channel coherence time and UE speed is summarized in Table 1.
Table 1. Channel coherence time under varied UE speed
	UE speed (km/h)
	channel coherence time (ms)

	3
	76.14

	30
	7.614

	300
	0.761

	700
	0.77


From Table 1, it can be observed the channel coherence time is larger than 2/4/7 symbol sTTI length. It looks unnecessary to send TPC in each sTTI when the UE is scheduled in multiple sTTI of one subframe since the channel condition is regarded as the same.  Hence, if two-level DCI is supported, the TPC could be sent in the slow DCI instead of fast DCI. If single-level DCI is supported, the group DCI like 3/3A for TPC in subframe level may be used for short TTI. 
· phase continuity
Based on above discussion in section 2, multiple short TTIs who share DMRS should have the same UL transmit power in one RF for phase continuity. Hence, the channel transmit power depends on the total transmit power of sTTI with DMRS, instead of TPC. Therefore, TPC has no effect in this case.

From the above discussions, we have the following proposal:

Proposal 2: TPC should have effect on one subframe rather than short TTI.
2.2 UL power priority
In the Rel.11 carrier aggregation, when the total transmission power of UE exceeds the maximum UE transmission power, power scaling priority is specified based on channel type, that is,  PRACH>PUCCH>PUSCH with UCI > PUSCH without UCI > SRS. For the simultaneous transmissions of same type of channels, e.g., PUSCH without UCI, the power of each channel is equally scaled.  In the Rel.12 synchronized dual connectivity, the power scaling priority is further determined by UCI type, as HARQ/SR > CSI > data > SRS.
In short TTI case, the transmission of sPUSCH with UCI, sPUSCH without UCI, sPUCCH, SRS, and PRACH channels may collide with each other. In addition, considering DMRS sharing among sTTIs, there will be cases such as sPUSCH without DMRS, sPUSCH with DMRS, sPUCCH without DMRS, sPUCCH with DMRS, which are shown in Figure 1. As PUCCH, especially ACK/NACK, is of higher priority than PUSCH, a natural implication is that DMRS shared by sPUCCH should be of higher priority than that shared by sPUSCH. Therefore, DMRS may have different priority depending on the type of the channel that shares the DMRS. Furthermore, if simultaneous transmission of sPUSCH and PUSCH is agreed, the UL power control needs to consider for that case as well. 
Observation 3: DMRS may have different priority depending on the type of the channel that shares the DMRS.
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Figure 1. Channel transmission case if simultaneous sPUSCH and sPUCCH transmission or UL CA in sTTI
From the above discussions, we have the following proposal:
Proposal 3: UL power scaling priority should be further studied, considering channel type, UCI type, DMRS sharing, and sTTI/TTI multiplexing.
3 PHR 

In the Rel.11 carrier aggregation, there are two types of PHR specified [3]. Type 1 always assumes PUSCH only transmission no matter whether there is PUCCH transmission or not, while type 2 always assumes simultaneous transmission of both PUSCH and PUCCH. In Type 2, 
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 plus pathloss compensation and close loop power adjustment is used instead of PUSCH transmission power if there is no PUSCH transmission in subframe i for serving cell 
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 plus pathloss compensation and power adjustment instead of PUCCH transmission power if there is no PUCCH transmission. In summary, the power headroom is calculated as
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where, 
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is the configured UE transmit power defined in [5] in subframe i for serving cell 
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is estimated by UL grant, pathloss, etc. The power headroom report is transmitted in UL-SCH. 

With the introduction of short TTI transmission, one UE shall report power headroom to eNB to help schedule short TTI transmission. The same methodology of power headroom calculation can be used to short TTI transmission, while time domain granularity can be short TTI instead of subframe.
Proposal 4: Time granularity of power headroom report should be sTTI instead of subframe.
4 Pcmax 

In section 6.2.5A in [5] where Pcmax is defined for CA as follows:
For each subframe, the PCMAX_L is evaluated per slot and given by the minimum value taken over the transmission(s) within the slot; the minimum PCMAX_L over the two slots is then applied for the entire subframe. PPowerClass shall not be exceeded by the UE during any period of time.

If the UE is configured with multiple TAGs and transmissions of the UE on subframe i for any serving cell in one TAG overlap some portion of the first symbol of the transmission on subframe i +1 for a different serving cell in another TAG, the UE minimum of PCMAX_L for subframes i and i + 1 applies for any overlapping portion of subframes i and i + 1. PPowerClass shall not be exceeded by the UE during any period of time.

Since the definition of Pcmax will impact the power allocation, the power scaling time granularity needs to be clarified to avoid the misunderstanding between RAN1 and RAN4.

There are two alternative ways to define time granularity of Pcmax:

(1). Use subframe. 
· The advantage is that it will simplify the RAN1 power control specification since the maximum power limit is a fixed value in one subframe.
· The disadvantage is that some standard work is needed to redesign Pcmax in RAN4 to be applied across several sTTI while ensuring no additional processing time. In [5], the current calculation of Pcmax of subfame i is based on the information carried in UL grant of subfame i. However, this is not feasible in short TTI. The UE has to have the knowledge of all the UL grant of sTTI of the entire subframe to calculate Pcmax. It will reduce the UE process time too much. Hence, if subframe based Pcmax is supported, there is some standard work to redesign Pcmax in RAN4 while ensuring no additional processing time requirement.
(2). Use sTTI. 
· The advantage is that it will simplify the RAN4 standard work as only the time granularity is changed to sTTI instead of subframe.
· The disadvantage is that when sharing DMRS among sTTI in RAN1, it could result in phase discontinuity due to the varied Pcmax that may change the total transmit power for mutiple sTTI. Besides, based on Pcmax specification for multiple TAG [5], the UE needs to know the UL grant of the later subframe i+1 to calculate Pcmax of the overlapping portion between subframe i and subfame i+1. However, it will reduce the UE processing time in this case since the UE has to wait for decoding of the UL grant of a later TTI. The processing time issue is more serious than legacy operation. Hence, there is some standard work to redesign Pcmax in RAN4 when short TTI applies in multiple TAG of CA.
Proposal 5: UL power control should consider the time granularity of Pcmax.
Proposal 6: Send an LS to RAN4 to request the information on the assumption and impacts of Pcmax.
5 Conclusion

In this paper, we discuss UL power control, we have following observations:
Observation 1: The distance between UL DMRS and the corresponding sPUSCH should be within a few OFDM symbols, if there are gaps between DMRS and data symbols.

Observation 2: To keep phase continuity, the transmit power has to be kept constant between DMRS and data symbols.
Observation 3: DMRS may have different priority depending on the type of the channel that shares the DMRS.
Based on the observations, we have following proposals: 
Proposal 1: When multiple short TTIs scheduled to the same UE share a DMRS symbol, the transmit power for those sTTI should be set the same as that of the DMRS symbol in order to keep phase continuity.
Proposal 2: TPC should have effect on one subframe rather than short TTI.

Proposal 3: UL power scaling priority should be further studied, considering channel type, UCI type, DMRS sharing, and sTTI/TTI multiplexing.
Proposal 4: Time granularity of power headroom report should be sTTI instead of subframe.
Proposal 5: UL power control should consider the time granularity of Pcmax.
Proposal 6: Send an LS to RAN4 to request the information on the assumption and impacts of Pcmax .
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