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Introduction 
A work item on shortened TTI and processing time for LTE [1] is ongoing in RAN1 and RAN2, and has time units in RAN4 from RAN4#81 onwards.
In this contribution, we describe UL power control issues related to shortened TTI patterns for LTE. 
MPR and A-MPR in single carrier sTTI operation
In the current specifications, the MPR is evaluated across 1ms subframe. For sTTI operation, both MPR and A-MPR should be evaluated within the TTI duration. Thus, the following table summarizes the MPR and A-MPR evaluation window.
	TTI/sTTI pattern
	
	MPR/A-MPR evaluation window

	1ms
	MPR and A-MPR is evaluated per slot and maximum out of the two slots are used for the subframe.
	1ms

	7OS
	MPR and A-MPR is evaluated per sTTI
	500µs

	2OS
	MPR and A-MPR is evaluated per sTTI
	142.86µs

	3OS
	MPR and A-MPR is evaluated per sTTI
	214.29µs



It is worth mentioning here that, design of ON/OFF mask is being discussed in RAN4 at this moment. Based on the ON/OFF masks for different usecases (as detailed in our companion contributions [4] and [5] ), the transient period may fall within the sTTI duration. Thus, MPR/A-MPR measurement window should exclude the transient time that falls within the TTI duration. 
The exact MPR and A-MPR values will remain the same for all TTI patterns. 
MPR and A-MPR in UL CA involving sTTI operation
For UL CA involving different TTI patterns in different aggregated carriers, the MPR and A-MPR evaluation window should follow the PCMAX evaluation window. In our companion paper [3], we have described several approaches for different combinations of TTI patterns in aggregated UL carriers. 
Table 1: An example of MPR/A-MPR measurement time window for different TTIs
	TTI Patterns {CC1, CC2}
	TTI duration {CC1, CC2}
	Proposed PCMAX measurement window (Tw)
	

	{1ms, 2OS}
	{1000µs, 142.86µs}
	500µs
	To solve the UL grant unavailability problem for n+4 case, 500us PCMAX evaluation window has been proposed in [3]. 

	{1ms, 7OS}
	{1000µs, 500µs}
	1000µs
	

	{7OS, 7OS}
	{500µs, 500µs}
	500µs
	PCMAX evaluation window is based on corresponding sTTI duration.

	{7OS, 2OS}
	{500µs, 142.86µs}
	500µs
	The MPR/A-MPR evaluation window can be equal to 500us, the larger TTI duration. 

	{2OS, 2OS}
	{142.86µs, 142.86µs}
	142.86µs
	For the sTTIs with 2 OFDM symbols: PCMAX evaluation window is based on corresponding sTTI duration.

	
	
	214.29µs
	For the sTTIs with 3 OFDM symbols; PCMAX evaluation window is based on corresponding sTTI duration.



Conclusion
In this paper, we presented our understanding related to MPR/A-MPR measurement window for single carrier and CA operation with sTTI. We propose the following: 

Proposal-1: 
For single carrier operation with sTTI, MPR/A-MPR measurement window will be according to the TTI duration excluding the transient period that falls within the TTI duration.

Proposal-2: 
For UL CA case, MPR/A-MPR measurement window will follow PCMAX evaluation window with respect to the TTI pattern combinations in the aggregated carriers.

Proposal-3: 
The exact MPR and A-MPR values for sTTI patterns will follow the value of 1ms TTI case. 
In the appendix, we show possible way of including the above proposal in the UE specification. 
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Appendix: Draft CR
Following updates are needed in 36.101, to reflect the updated definition of MPR and A-MPR evaluation window for TTIs.
Specification of MPR in 36.101 for single carrier case
============ Start changes in Section 6.2.3, TS 36.101 ==================
6.2.3	UE maximum output power for modulation / channel bandwidth 
For UE Power Class 1, 2 and 3, the allowed Maximum Power Reduction (MPR) for the maximum output power in Table 6.2.2-1due to higher order modulation and transmit bandwidth configuration (resource blocks) is specified in Table 6.2.3-1.
Table 6.2.3-1: Maximum Power Reduction (MPR) for Power Class 1, 2 and 3
	Modulation
	Channel bandwidth / Transmission bandwidth (NRB)
	MPR (dB)

	
	1.4
MHz
	3.0
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	

	QPSK
	> 5 
	> 4 
	> 8 
	> 12
	> 16
	> 18
	≤ 1

	16 QAM
	≤ 5 
	≤ 4
	≤ 8
	≤ 12
	≤ 16
	≤ 18
	≤ 1

	16 QAM
	> 5 
	> 4
	> 8
	> 12
	> 16
	> 18
	≤ 2

	64 QAM
	≤ 5 
	≤ 4
	≤ 8
	≤ 12
	≤ 16
	≤ 18
	≤ 2

	64 QAM
	> 5 
	> 4
	> 8
	> 12
	> 16
	> 18
	≤ 3



For PRACH, PUCCH and SRS transmissions, the allowed MPR is according to that specified for PUSCH QPSK modulation for the corresponding transmission bandwidth. 
For each subframe in 1ms TTI, the MPR is evaluated per slot and given by the maximum value taken over the transmission(s) within the slot; the maximum MPR over the two slots is then applied for the entire subframe. For sTTI patterns, the MPR is evaluated per TTI, excluding the transient time which falls within the sTTi duration.
For UE Power Class 1 and 3 transmissions with non-contiguous resource allocation in single component carrier, the allowed Maximum Power Reduction (MPR) for the maximum output power in table 6.2.2-1, is specified as follows
MPR = CEIL {MA, 0.5}
Where MA is defined as follows
MA =	8.00-10.12A		; 0.00< A ≤ 0.33
5.67 - 3.07A		; 0.33< A ≤0.77
3.31				; 0.77< A ≤1.00
Where
	A = NRB_alloc / NRB.
	CEIL{MA, 0.5} means rounding upwards to closest 0.5dB, i.e. MPR  [3.0, 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0]
For a power class 2 capable UE operating on Band 41, when an IE P-max as defined in [7] of 23 dBm or lower is indicated in the cell or if the uplink/downlink configuration is 0 or 6, the requirements for power class 2 are not applicable, and the corresponding requirements for a power class 3 UE shall apply
For UE Power Class 2 transmissions with non-contiguous resource allocation in single component carrier, the allowed Maximum Power Reduction (MPR) for the maximum output power is not specified in this version of the specification.
For the UE maximum output power modified by MPR, the power limits specified in subclause 6.2.5 apply.

============ End changes in Section 6.2.3, TS 36.101 ==================

Specification of A-MPR in 36.101 for single carrier case
Similar updates are needed for A-MPR evaluation window, as shown below.
============ Start changes in Section 6.2.4, TS 36.101 ==================
Table 6.2.4-22: A-MPR for "NS_27“
	Parameters

	Channel bandwidth
[MHz]
	RBstart
	RBend
	LCRB
	A-MPR

	15
	0 – 6
	
	≤ 15
	≤ 4 dB

	
	
	68 – 74
	
	

	
	≥ 0
	
	≥ 60
	≤ 2 dB

	20
	0 – 12
	
	≤ 20
	≤ 4 dB

	
	
	87 – 99
	
	

	
	13 – 15
	
	≤ 3
	≤ 1 dB

	
	
	84 – 86
	
	

	
	≥ 0
	
	≥ 60
	≤ 3 dB



For PRACH, PUCCH and SRS transmissions, the allowed A-MPR is according to that specified for PUSCH QPSK modulation for the corresponding transmission bandwidth. 
For each subframe in 1-ms TTI, the A-MPR is evaluated per slot and given by the maximum value taken over the transmission(s) within the slot; the maximum A-MPR over the two slots is then applied for the entire subframe. For sTTI patterns, the A-MPR is evaluated per TTI, excluding the transient time which falls within the sTTi duration.
For the UE maximum output power modified by A-MPR, the power limits specified in subclause 6.2.5 apply.
6.2.4A	UE maximum output power with additional requirements for CA

============ End changes in Section 6.2.4, TS 36.101 ==================

Specification of MPR for CA in 36.101
The same updates in Section 6.2.3A is needed for MPR, when the MPR for intra-band CA is defined. 
============ Start changes in Section 6.2.3A, TS 36.101 ==================
For intra-band carrier aggregation with 1ms TTI, the MPR is evaluated per slot and given by the maximum value taken over the transmission(s) on all component carriers within the slot; the maximum MPR over the two slots is then applied for the entire subframe. For any UL carrier aggregation when different TTI patterns apply to different aggregated carriers, the MPR measurement window will follow corresponding PCMAX measurement window.
For combinations of intra-band and inter-band carrier aggregation with three uplink component carriers (up to two contiguously aggregated carriers per band), the requirements specified in subclause 6.2.3 apply for the E-UTRA band supporting one component carrier, and for the E-UTRA band supporting two contiguous component carriers the requirements specified in subclause 6.2.3A apply.
For the UE maximum output power modified by MPR, the power limits specified in subclause 6.2.5A apply.
6.2.3B	UE maximum output power for modulation / channel bandwidth for UL-MIMO
For UE with two transmit antenna connectors in closed-loop spatial multiplexing scheme, the allowed Maximum Power Reduction (MPR) for the maximum output power in Table 6.2.2B-1 is specified in Table 6.2.3-1. The requirements shall be met with UL-MIMO configurations defined in Table 6.2.2B-2. For UE supporting UL-MIMO, the maximum output power is measured as the sum of the maximum output power at each UE antenna connector.
For the UE maximum output power modified by MPR, the power limits specified in subclause 6.2.5B apply.
If UE is configured for transmission on single-antenna port, the requirements in subclause 6.2.3 apply.

============ End changes in Section 6.2.3A, TS 36.101 ==================
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