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1 Background

RAN4 has received an LS from RAN5 [1] asking about the applicability of the UE transmitter requirements when FH is configured: 
RAN5 asks RAN4 group to give guidance to RAN5 on the applicability of the RF requirements in section 6.6 of 36.101 when PUSCH frequency hopping is enabled in the network.
In this contribution we discuss the applicability of the transmitter requirements for PUSCH FH and propose to answer RAN5 that the core requirements in 36.101 cover FH for PUSCH; otherwise regulatory requirements would not be verified when FH is enabled. 
2 Applicability of core transmitter requirements
The maximum output power requirements specified in 36.101 apply for all possible uplink resource allocations. Likewise, the unwanted emission requirements apply for all possible uplink resource allocations. The power reductions (MPR and A-MPR) allowed for compliance with these unwanted emissions requirements are therefore specified for all RB allocations, contiguous or non-contiguous. Provisions are also made in 36.101 for setting MPR and A-MPR when frequency hopping is configured for both non-CA and CA operation.
The problem of specifying MPR for FH was first encountered during specification of A-MPR for NS_07 in Rel-8. Since PUCCH is always transmitted using slot hopping it was decided to allow use of the largest A-MPR per slot during the entire subframe. This was subsequently captured by Note 3 and Note 4 in the table of the A-MPR for NS_07:
Table 6.2.4-2: A-MPR for “NS_07”

	 Parameters
	Region A
	Region B
	Region C

	RBstart
	0 - 12
	13 – 18
	19 – 42
	43 – 49

	LCRB [RBs]
	6-8
	1 to 5 and 9-50
	≥8
	≥18
	≤2

	 A-MPR [dB]
	≤ 8
	≤ 12
	≤ 12
	≤ 6
	≤ 3

	NOTE 1;
RBstart indicates the lowest RB index of transmitted resource blocks

NOTE 2;

LCRB is the length of a contiguous resource block allocation

NOTE 3:
For intra-subframe frequency hopping between two regions, notes 1 and 2 apply on a per slot basis.

NOTE 4;
For intra-subframe frequency hopping between two regions, the larger A-MPR value of the two regions may be applied for both slots in the subframe.


It was also recognised that the same problem may occur for PUSCH when FH is configured so the applicability of the two notes was not limited to PUCCH transmission.
Later on the provision above for using the largest power reduction per slot during the entire subframe was included in all clauses in which MPR and A-MPR are specified in order to avoid PA power changes at the slot boundaries within a subframe. This provision covers the case of any change of resource allocation in the slots of a subframe, e.g. PUCCH transmission on the Pcell and piggy-backed SRS in the Scell as shown in Figure 1. 
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Figure 1: allocation changes at slot boundaries.
From the Rel-10 version of 36.101 the following is included in clause 6.2.3 for MPR regardless of the underlying requirement:

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, 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.
The MPR is specified for any type of transmission and the second paragraph above allows use of the maximum MPR evaluated for the two slots. For CA a similar provision is included with the maximum of the MPR taken across all component carriers (the last paragraph of the excerpt below):

For PUCCH and SRS transmissions, the allowed MPR is according to that specified for PUSCH QPSK modulation for the corresponding transmission bandwidth.

For intra-band contiguous carrier aggregation bandwidth class C with non-contiguous resource allocation, the allowed Maximum Power Reduction (MPR) for the maximum output power in Table 6.2.2A-1 is specified as follows 

MPR = CEIL {MA, 0.5}

Where MA is defined as follows 
MA = 
8.2




; 0 ≤ A < 0.025


9.2 - 40A 


; 0.025
≤ A < 0.05

8 – 16A



; 0.05
≤ A < 0.25

4.83 – 3.33A


; 0.25  ≤ A ≤ 0.4,

3.83 – 0.83A


; 0.4  ≤ A ≤ 1,

Where 


A = NRB_alloc / NRB_agg.


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 8.5]
For intra-band carrier aggregation, 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.

The case for UL-MIMO in Clause 6.2.3B is not as obvious with regard to FH:
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. 
but the FH case could be covered by referring to clause 6.2.3 instead of Table 6.2.3-1 above.
Similar provisions are included in the clauses for A-MPR. 
While it is clear that PUSCH FH is covered by the core requirements in Clause 6 of 36.101, the RMCs specified in Annex A do not cover all cases. The annex contains the wording that “sections define the UL signal applicable to the Transmitter Characteristics” with the specification of the RMC with “PUSCH hopping off”: 
A.2.1.1
Applicability and common parameters

The following sections define the UL signal applicable to the Transmitter Characteristics (clause 6) and for the Receiver Characteristics (clause 7) where the UL signal is relevant.
The Reference channels in this section assume transmission of PUSCH and Demodulation Reference signal only. The following conditions apply: 

-
1 HARQ transmission

-
Cyclic Prefix normal

-
PUSCH hopping off

-
Link adaptation off

-
Demodulation Reference signal as per TS 36.211 [4] subclause 5.5.2.1.2.

Where ACK/NACK is transmitted, it is assumed to be multiplexed on PUSCH as per TS 36.212 [5] subclause 5.2.2.6 […]
One interpretation of the above is that the core requirements in clauses 6 and 7 only apply for the UL allocations specified in the RMCs, which cannot be the intention. Likewise, for partial RB allocation only RMCs with contiguous allocations are specified, from the Rel-11 version:
A.2.2.2
Partial RB allocation

For each channel bandwidth, various partial RB allocations are specified. The number of allocated RBs is chosen according to values specified in the Tx and Rx requirements. The single allocated RB case is included.

The allocated RBs are contiguous and start from one end of the channel bandwidth. A single allocated RB is at one end of the channel bandwidth.

This clause would then exclude applicability of the core requirements for e.g. multi-clustered PUSCH, even though the above does not allow verification of this requirement. Hence the RMCs specified do not explicitly allow verification of all core requirements, but should not limit the applicability of the core requirements in the main part of the 36.101.

3 Proposal
The core requirements in Clause 6 of 36.101 also cover PUSCH FH, otherwise the specification is incomplete; unwanted emissions requirements would not be verified in case FH is enabled in live operation.
It is proposed to 
1. answer RAN5 that the RF requirements in section 6.6 of 36.101 also apply when PUSCH frequency hopping is enabled; a draft LS is supplied in [2].
2. clarify the specification of the RMC in the annex A making it clear that the core requirements are not only applicable for the resource allocations specified for the UL RMCs.
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