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1 Introduction
Intra-band NC UL CA for FR2 generally have two aspects in Rel-16. One is the RF requirement definition, the other one is the non-simultaneous transmission. The Objectives in the latest WID is as below:
	· FR2 UE requirements for non-contiguous intra-band UL CA  [RAN4]

· Phase 1: Study if both simultaneous UE transmission on aggregated UL carriers and non-simultaneous transmission on aggregated UL carriers with UE switching between two non-contiguous carriers could and should be specified. Study potential impacts of non-simultaneous transmission on RAN1 and/or RAN2 specifications

· Phase 2: Define FR2 UE requirements for non-contiguous intra-band UL CA based on the outcome of the Phase 1 study


This paper provides analysis on the non-simultaneous transmission for UL NC CA, and the RF requirement. 
2 Discussion
2.1 Non-simultaneous transmission for UL NC CA
Non-simultaneous transmission is only raised on UL carriers, and the UL carriers are in the relation with carrier aggregation. In such case, there would be always a DL CC corresponding to the UL CC. It means the configuration is Fig 1 does not exist.
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Fig 1. There is no scenario that UL CC number is larger than DL CC number
Observation 1: for intra-band UL NC CA, DL CC number shall be equal to or larger than UL CC number. Non-simultaneous transmission for UL NC CA shall be discussed based on this fact.

For an intra-band NC CA, there would be always a corresponding DL CA configuration. In the normal CA, UL carriers are always configured and activated, while RB allocation can be configured with DCI indication on any one of the UL activated CC. Then there would be different understanding on the non-simultaneous UL transmission:

· Option 1: All UL CCs are configured and activated, but RBs only transmits on some of the UL CCs within one time period.
· Option 2: All UL CCs are configured, but only some of the CCs are activated, the RBs are allocated only on the activated CCs. Activating other CCs need the general activating procedure defined in RRM.
These two options are both degradation of the normal CA concept. There is no enhancement on UE side and it also have limitation on network configuration and scheduling. 
Considering of UE RF architecture, it may benefit for the UL limited implementation, but the complexity may be required on the other design aspects. E.g. for the UL limited implementation, LO position need to change. 
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Fig 2. (Left) LO position is the center of cumulative aggregated bandwidth

(Right) LO position is the center of UL CCs which transmit RBs within one period
As shown in Fig 2, the LO position can be designed differently, if it is the center of cumulative aggregated bandwidth, the LO position may not change if DL CCs’ spectrum is identical with UL. However, the LO may be change if cumulative aggregated bandwidth changes with the UL CCs. If the LO is the center of UL CCs which transmit RBs simultaneously, it will change position accordingly. It is worth noting that, although DL CCs are not limited(always simultaneous transmission), the uplink switch may cause the DL LO change, the UE need to consider whether DL CCs can be covered after LO switching.
In [1], limited capability on UL is also raised for non-simultaneous transmission, which points out this feature is degenerated compared with normal CA(named full capability in [1]). As shown in Fig 3, the non-simultaneous transmission are switching from one cluster to the other cluster, and all the CCs are activated. 
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Fig 3. Non-simultaneous transmission in [1]

Generally the UE need to preserve the chain(both hardware and software resource) for activated CCs , then there would be no benefit on power saving. Therefore we don’t see much benefit on such kind of CC switching regardless of RF architecture. It even requires for more tense process timing for UL limited implementation.
For the switching time, it can be discussed with the two options mentioned above. For option 1, the switch could be faster since all CCs has already been activated, RRC based BWP switching time may be the start line of the discussion. For option 2, there is already CC activating time in TS 38.133, since it requires for MAC layer reconfiguration, the switching time will be long. 

Observation 1: non-simultaneous UL transmission is degeneration (limited) feature compared with normal intra-band NC UL CA.
Observation2: for UL limited implementation, non-simultaneous transmission may require for intense switching time between UL carriers.
Observation 3: There is no benefit on power saving from non-simultaneous transmission.

2.2 UE RF requirement for intra-band UL NC CA
In the last RAN4 meeting, WF[2] was approved with proposals on UL NC CA MPR:
	· Option 1
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· MPR could be a function of allocation ratio, where the spacing of the gap is taken into account by using the cumulative aggregated bandwidth rather than the aggregated bandwidth.
· Cumulative aggregated BW includes all active and non active CCs.
· Other options, but not limited to the ones in [3], are not precluded.


In the current Rel-15 spec, MPR for non-contiguous RB allocation is specified for intra-band contiguous CA. Take PC3 as example, the MPR for contiguous CA is:
MPR = max(MPRC_CA, -10*A +7.0) where MPRC_CA is:

	
	Cumulative aggregated bandwidth configuration

	
	< 400 MHz
	>=400 MHz and < 800 MHz
	>= 800 MHz and <= 1400 MHz

	DFT-s-OFDM
	Pi/2 BPSK
	 5.0
	7.7
	[8.2]

	
	QPSK
	  5.0
	7.7
	[8.2]

	
	16 QAM
	  6,5
	8.7
	[9.3]

	
	64 QAM
	  9.0
	10.7
	[11.2]

	CP-OFDM
	QPSK
	 5.0
	7.5
	[8.0]

	
	16 QAM
	  6.5
	8.7
	[9.2]

	
	64 QAM
	  9.0
	10.7
	[11.2]


Assume QPSK, aggregated bandwidth is 200MHz, and 1RB allocation, the MPR would be almost 7dB. Considering the additional power back off caused by non-contiguous CA, the MPR will be further increased by allocation ratio in the WF[2]. As shown in Fig 4, when multiple subblocks exists for NC CA and RB allocation is not contiguous for each subblock, the IMD will be additive with 3dB/6dB or even higher. 
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Fig 4. Multiple subblocks with non-contiguous RB allocation in each subblock

For intra-band NC CA, the spurious emission is the key limiting factor on MPR, and the IMD is the key fact on spurious emission. If some exceptional point for spurious emission on the possible frequency range where IMD or other distortion fall into is defined, the MPR can be reduced and the FR2 intra-band NC CA transmits larger output power.

Observation 4:If some exceptional point can be defined on the frequency range where IMD may fall into, FR2 intra-band NC CA can transmit larger output power.
Proposal 1: RAN4 defines exceptional point on the frequency range where IMD may fall into for intra-band UL NC CA. 
3 Conclusion

In this contribution we discussed on the open issues on beam correspondence, according to the analysis, we have the following proposals:
Observation 1: for intra-band UL NC CA, DL CC number shall be equal to or larger than UL CC number. Non-simultaneous transmission for UL NC CA shall be discussed based on this fact.
Observation 2: non-simultaneous UL transmission is degeneration (limited) feature compared with normal intra-band NC UL CA.

Observation3: for UL limited implementation, non-simultaneous transmission may require for intense switching time between UL carriers.

Observation 4: There is no benefit on power saving from non-simultaneous transmission.

Observation 5: If some exceptional point can be defined on the frequency range where IMD may fall into, FR2 intra-band NC CA can transmit larger output power.
Proposal 1: RAN4 defines exceptional point on the frequency range where IMD may fall into for intra-band UL NC CA. 
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