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Introduction
Late in the rel. 15 WI, some network-providers initiated discussions to reduce MPR for UL CA operation. In the last meeting before completion of Rel.15, RAN4 agreed on enhancement of CA operation by identifying UL configurations that could be eligible for single CC MPR. 
Unfortunately, some emissions criteria were overlooked, and can result in UE emissions non-compliance, unless the conditions for single CC MPR UL CA cases are refined further. 
Discussion
CA operation enhancement was enabled in RAN4#91 [1] by identifying allocation cases that could be transmitted by the UE with single CC MPR, which is smaller than CA MPR. The rationale for a 4UL+4DL CC case was captured in [2] and reproduced below with minor edits. Note that the cumulative aggregated BW is referred to as ‘CABW’ in the figures below. For convenient reference, we reproduce the definition of CABW here: 
The cumulative aggregated channel bandwidth is defined as the frequency band from the lowest edge of the lowest CC to the upper edge of the highest CC of all UL and DL configured CCs
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Figure 2.0-1: Allowable 0dB allocations for symmetric CA, per v15.6
This analysis in [1] remains valid for the symmetric CA case, like the 4UL+4DL case illustrated above, but it is incomplete in the following aspects:
· it did not consider asymmetric CA.
· there is no direction if the CABW does not equal an existing CC BW (50, 100, 200, 400 MHz)
· there is no provision for UL CCs when they are configured with different SCS
The case of asymmetric CA
In asymmetric CA, there are more DL CCs than UL. This case can include non-contiguous DL CA cases. Figure 2.1-1 illustrates an example with NC DL CA. The problem arises when the CCs all carry either DFT-s-BPSK or DFT-s-QPSK, the modulation types that have 0dB MPR in single CC configuration.
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Figure 2.1-1: Examples of asymmetric CA
In the example above, the DL is configured in two contiguous chunks as 3CC+gap+2CC. The UL is configured as a single CC (UL3). We first identify the region (‘central region’, red double sided arrow) of the CABW that is equivalent to the ‘Inner region 1’ of a notional channel that is as wide as the CABW, per note in CA MPR tables of TS38.101-2 v15.6. The note is reproduced in figure 2.1-2 below, for easy reference.
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Figure 2.1-2: Note in CA MPR table in TS38101-2 v15.6
In this illustration, UL3 lies entirely inside the notional inner region 1. Consequently, any DFT-s-QPSK allocation, including a max allocation case inside UL3 would have to be emissions compliant with no back-off. Now, in a non-CA case, a max. allocation case is not an ‘inner region 1’ waveform. In fact, previous discussion on OBW compliance have centred around this waveform and it was concluded that MPR was needed for compliance. This points to an inconsistency in the standard, because CA MPR does not account for emissions related back-off a UE must take.  For consistency, CA MPR must also consider UE emissions for the non-symmetric CA case. This consideration must be made while simultaneously respecting note 1 in the CA MPR table. The two considerations are listed together below:
· Existing note 1, which accords MPR to UE to account for gain droop and other mechanism. Uses CABW as basis. The general definition below is reworded from existing note 1:
· MPR1 shall be determined from Tables 6.2.2.1-1 and 6.2.2.1-2 by choosing as BWchannel, the cumulative aggregated bandwidth of the CA configuration. The applicable column in Tables 6.2.2.1-1 and 6.2.2.1-2 shall be determined based on the transmission bandwidth of the UL CA allocation in relation to the allocation regions defined in the tables
· Missing consideration: MPR to meet emission requirements (like OBW, SEM). Uses aggregated BW of the UL as basis. A general definition is below:
· MPR2 shall be determined from Tables 6.2.2.1-1 and 6.2.2.1-2 by choosing as BWchannel the aggregated channel bandwidth ‘BWchannel_CA’ of the UL CA configuration. The applicable column in Tables 6.2.2.1-1 and 6.2.2.1-2 shall be determined based on the transmission bandwidth of the UL CA allocation in relation to the allocation regions defined in the tables
We see two options to implement a fix for CA MPR, vis-a-vis emissions compliance, in the special case of a single contiguous allocation fully contained inside one CC:
	
	Option 1
	Option 2
	(reference)

	Description of change
	MPR = max(MPR1,MPR2)

	Restrict note applicability to symmetric CA 
	No change 
(i.e MPR = MPR1)

	Pro
	Most complete formulation, scalable.
UE remains emissions compliant.
	Compact in standard
	No change

	Con
	Note is long, must be relocated to written part outside table in standard
	Restrictive on which CA configurations can have single CC MPR; no non-contig DL CA cases will qualify.
Restriction does not have physical justification; it is merely for convenience in the standard
	Standard inconsistent.
UE will fail OBW and possibly SEM for some asymmetric CA cases


Table 2.1-1: Options to derive MPR for special CA case
Note that Option 1 will leave MPR outcome of symmetric CA cases unchanged from v15.6, it merely adds the correct provisions to handle asymmetric CA. We believe that the restriction of option 2 is too severe to make it practical, given that many early deployments will feature NC DL CA.
Proposal 1: Choose option 1 from Table 2.1-1 
The case when CABW does not equal a defined channel BW
Either criteria (MPR1, MPR2) discussed in section 2.1 uses some form of aggregated BW as basis. Aggregated BW is constructed from aggregating defined channel BWs (50, 100, 200 and 400MHz). For example, a 50+100+100 contiguous CA has an aggregated BW of 250MHz. The single contiguous allocation provision for CA MPR directs the reader to consult MPRs for a 250MHz channel, which do not exist in v15.6. In effect, the standard is incomplete in this aspect.
Option 1 
One option is to define relevant parameters (NRB_notional, RBstart_notional) for notional channels to cover all CABW possibilities. A simple proposal is below:
NRB_notional for a notional channel can be derived as the sum of the NRB of all participating UL CCs
NRB_notional = NRB_agg = NRB_CC1+NRB_CC2+….
A similar scheme can be extended to determine RBstart_notional, the RBstart for the notional single channel that covers the UL aggregated BW. Note that in our special case, RBs in only one CC are allocated. There may be unallocated CCs lower in frequency than the allocated CC.
RBstart_notional=  (NRB for all lower frequency UL CCs in the CA config)  +  RBstart of allocated CC 
Figure 2.2.1-1 illustrates a 3CC case with a single contiguous allocation inside CC2. RBstart_notional would be the sum of RBstart in the allocated CC (CC2) and NRB_CC1
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Figure 2.2.1-1: Example scenario to illustrate RBstart_notional
To respect all the considerations that went into determining the regions in the single CC MPR tables, including OBW compliance, we propose that CA configurations with aggregated BW  300MHz follow the rules associated with the 50/100/200MHz table, while CA configurations with aggregated BW > 300MHz follow the 400MHz table. 
There are minor differences between the regions of the notional channel and the regions of a defined channel of equivalent bandwidth, owing to presence of guard bands inside the aggregated transmission BW configuration.
Option 2 
A second option is to restrict the applicability of the note, so it applies only to cases where CABW coincide with defined BWchannel. 
Summary
The two options to implement a fix for CA MPR in the special case of a single contiguous allocation fully contained inside one CC, when CABW  BWchannel are detailed below:
	
	Option 1
	Option 2
	 (reference)

	Description of change
	Define additional notional channels (MHz) and NRB to fill out aggregated bandwidth possibilities between 50M and 400M.
See table 2.2-1
	Restrict applicability of note to cases where CABW = defined BWchannel
	No change

	Pro
	Most complete formulation.
	Compact in standard
	No change

	Con
	Needs additional definitions.
	Restrictive on which CA configurations qualify for single CC MPR
Restriction does not have physical justification; it is merely for convenience in the standard
	UE CA MPR undefined for cases where CABW  defined BWchannel


Table 2.2.3-2: Options to handle CABW  defined BWchannel
We believe that the restriction of option 2 precludes applicability to NC DL CA, which we believe represents the bulk of the early deployments.
Proposal 2: Choose option 1 from Table 2.2.3-2 
CA with different SCS
If UL CCs are not configured with the same SCS, it becomes complicated to determine the parameters NRB_notional, RBstart_notional required to determine MPR1 and MPR2. We believe it is not very restrictive in actual deployments to mandate same SCS for all UL CCs to take advantage of reduced MPR.
Proposal 3: Special condition with reduced MPR for CA applies only when all UL CCs are configured with the same SCS
Conclusion
We identified inconsistency with the special MPR handling of a single contiguous allocation fully contained inside one CC in CA configuration, because due consideration was not given for the cases below:
· asymmetric CA.
· CABW, when it does not equal an existing CC BW (50, 100, 200, 400 MHz)
· when UL CCs are configured with different SCS
For asymmetric CA case we identified the following options:
	
	Option 1
	Option 2
	(reference)

	Description of change
	MPR = max(MPR1,MPR2)

	Restrict note applicability to symmetric CA (non contiguous 
	No change 
(i.e MPR = MPR1)


Proposal 1: Choose option 1 from Table 2.1-1.
For the CABW  defined BWchannel we identified the following options:
	
	Option 1
	Option 2
	(reference)

	Description of change
	Define additional notional channels (MHz) and NRB to fill out aggregated bandwidth possibilities between 50M and 400M.
See table 2.2-1
	Restrict applicability of note to cases where CABW = defined BWchannel
	No change


Proposal 2: Choose option 1 from Table 2.2.3-2.
On the matter of UL SCS, we proposed:
Proposal 3: Special condition with reduced MPR for CA applies only when all UL CCs are configured with the same SCS
A possible outcome of the discussion (option 1 in proposals 1 and 2) is captured in a companion CR [4]
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NOTE 1

The following condition applies only when the cumulative aggregated BW of the CA configuration <
400MHz. For a contiguous RB allocation in a single CC of the CA configuration, the single CC MPR of
subclause 6.2.2.1 applies. The cumulative aggregated bandwidth shall be used as BWenemeiin Tables
6.22.1-1 and 6.2.2.1-2. The applicable column in Tables 6.2.2.1-1 and 6.2.2.1-2 shall be determined based
on the transmission bandwidth of the CA allocation in relation to the allocation regions defined in the tables.
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