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1 Introduction

In RAN4#84bis meeting, some agreements were made in [1] for single Tx switch UL. The major points comprise of:

1) Inter-band combinations that have IM2 are categorized difficult and inter-band combinations that have IM3 for L-L and H-H combinations are categorized difficult.

2) Formula’s are used to define which channel combinations within difficult inter-band combinations are not affected by IM2 and IM3.

· Concurrent 2 UL is mandatory for these channel combinations.

Besides of the agreements, two issues are still FFS as following:

· RAN4 shall discuss the definition of UL and DL channels in the next meeting

•Alt.1. spectrum holdings of a operator in a band

•Alt.2. aggregated UE channel bandwidth configured by the network

•Alt.3. transmission bandwidth

· The treatment of secondary component carriers (no UL active within that band) should be studied considering signaling impact.

•In the next meeting, confirm that IMD impact to LTE secondary component carriers will not be considered.

In this paper, we elaborate on these FFS issues and provide corresponding proposals. In addition, in order to support this feature, the text proposal for TR37.863-02-01[2] is also presented.

2 Discussion
Issue 1-Definition of DL and UL channels in the formulas
Regarding the definition of DL and UL channels used in the formulas, Alt.1 suggests to use the spectrum holdings of an operator in a band. However, normally speaking this information probably is not available at UEs. For Alt.2, aggregated UE channel bandwidth configured by the network is a little bit confusing, for it is not necessarily working as aggregated carriers. And for Alt.3, the transmission bandwidth is dynamic per each transmission, subject to eNB’s scheduling. To our understanding, the DL and UL channels should be static or semi-static rather than dynamic. On the other hand, Alt.3 may be unfeasible from UE vendor perspective. At least in the initial stage of NR, it is likely that the LTE modem and NR modem are not located on the same chipset, it is very difficult for UE vendor to obtain scheduling information from both LTE & NR modem. If such information is not available for UE vendors, Alt.3 is unfeasible.

Note that in RAN2, the terms “carrierBandwidthDL” and “carrierBandwidthUL” for NR are applied when network configures the NR carrier to UE. Since the definitions for them are still not crystal clear, we suggest following the conventional definition in E-UTRAN and using “channel bandwidth of the cell”, at least for now. Whenever RAN2 determines on these terms, RAN4 texts can be updated accordingly.

	Quote from TS36.101:

Channel bandwidth: The RF bandwidth supporting a single E-UTRA RF carrier with the transmission bandwidth configured in the uplink or downlink of a cell.


Proposal 1: Using the term “channel bandwidth of the cell” to define the DL and UL channels in the formulas. It is subject to update according to RAN2 progress.
Issue 2-IMD impact to LTE secondary component carriers

Though it was agreed not to consider the impact to LTE secondary component carriers in last meeting, it’s believed to be helpful to capture it somewhere in the TR. During the RAN4 84bis discussion, it is understood that the IMD to the Scell may be solved from: 1 Component carrier reconfiguration Or 2. Not scheduling on the impacted Scell. Based on our exhaust calculation in the TP below, component carrier reconfiguration may not always work well to avoid the IMD to the Scell. Some examples are for DC_1A-3A-7A-20A-n78A, DC_1A-3A-5A-7A-n78A and DC_3A-5A-7A-7A-n78A , for these three examples, no matter how to configure the component carrier, the IMD are always there. But it is true that for some cases, such as DC_1A-3A-19A-21A-n77A and DC_1A-3A-19A-21A-n78A, IMD to the Scell may be avoided through component carrier reconfiguration. Considering the various impacts of IMD to Scell across different band combinations, the most reasonable way is to capture the IMD impacts to all component carriers honestly. Thus we suggest:  
Proposal 2: Suggest explicitly capturing the difficult band combinations due to the IMD products from two ULs falling into the 3rd Rx band.
It is well understood that not scheduling on the impacted Scell can avoid the IMD, which further implies that the Scell is actually not used concurrently. Then it is reasonable to suggest some text like “in the case that the IMD products fall into the third Rx band, simultaneous UL transmission can only be configured when the third band is working as a deactivated Scell.”
3 Text Proposal
-------- < First Change > --------
1  Scope

The present document is a technical report for Dual connectivity (DC) band combinations of LTE 4DL/1UL + one NR band under Rel-15 time frame. The purpose is to gather the relevant background information and studies in order to address Dual connectivity (DC) band combinations of LTE 4DL/1UL + one NR band for the Rel-15 band combinations in Table 1-1.

Table 1-1: Release 15 DC band combination of LTE 4DL/1UL + one NR band
	DC combination
	REL independent from
	UL Band in LTE
	Difficult for Simultaneous UL(*)

	DC_1A-3A-7A-20A-n78A
	Rel-15
	1
	Yes(1)

	
	
	3
	Yes

	
	
	7
	Yes(1)

	
	
	20
	Yes(1)

	DC_1A-3A-19A-21A-n77A
	Rel-15
	1
	Yes and Yes(1)

	
	
	3
	Yes and Yes(1)

	
	
	19
	No

	
	
	21
	Yes(1)

	DC_1A-3A-19A-21A-n78A
	Rel-15
	1
	Yes(1)

	
	
	3
	Yes

	
	
	19
	No

	
	
	21
	Yes(1)

	DC_1A-3A-19A-21A-n79
	Rel-15
	1
	No

	
	
	3
	No

	
	
	19
	No

	
	
	21
	No

	DC_1A-3A-19A-21A-n257A
	Rel-15
	1
	No

	
	
	3
	No

	
	
	19
	No

	
	
	21
	No

	DC_1A-3C-7A-n78A
	Rel-15
	
	

	DC_3C-7C-n78A
	Rel-15
	
	

	DC_3A-7C-28A-n78A
	Rel-15
	
	

	DC_41E-n41A
	Rel-15
	
	

	DC_41A-41D-n41A
	Rel-15
	
	

	DC_41C-41C-n41A
	Rel-15
	
	

	DC_1A-41A-42C-n79A
	Rel-15
	
	

	DC_1A-41A-42C-n257A
	Rel-15
	
	

	DC_7A-46D-n78A
	Rel-15
	
	

	DC_46E-n78A
	Rel-15
	
	

	DC_1A-3A-5A-7A-n78A
	Rel-15
	1
	Yes(1)

	
	
	3
	Yes

	
	
	5
	Yes(1)

	
	
	7
	Yes(1)

	DC_3A-5A-7A-7A-n78A
	Rel-15
	3
	Yes

	
	
	5
	Yes(1)

	
	
	7
	Yes(1)

	
	
	7
	Yes(1)

	DC_1A-3A-5A-7A-n257A
	Rel-15
	1
	No

	
	
	3
	No

	
	
	5
	No

	
	
	7
	No

	DC_3A-5A-7A-7A-n257A
	Rel-15
	3
	No

	
	
	5
	No

	
	
	7
	No

	
	
	7
	No

	DC_1A-3A-7A-20A-n28A
	Rel-15
	1
	Yes(1)

	
	
	3
	No

	
	
	7
	Yes(1)

	
	
	20
	No

	DC_1A-3A-7A-20A- n50A
	Rel-15
	
	

	DC_1A-3A-20A-28A- n50A
	Rel-15
	
	

	DC_1A-3A-7A-20A- n51A
	Rel-15
	
	

	DC_1A-3A-20A-28A- n51A
	Rel-15
	
	

	
	
	
	

	
	
	
	


Note(*):Details on how to support it can be found in Section 5.1.
Note(1): The IMD products from two UL bands fall into the 3rd Rx band.
This TR contains a general part and band specific combination part. The actual requirements are added to the corresponding technical specifications.

-------- < Next Change > --------
5  DC band combination of LTE 4DL/1UL + one NR band: General Part
5. 1 Single Tx Switched UL

In some LTE-NR inter-band combinations, as indicated in the “Difficult for simultaneous UL” column in Table 1-1, it is difficult for UE to perform simultaneous LTE+NR UL transmission. The band combinations in which the 2nd order IMD of the simultaneous UL bands fall into its own Rx band or the third Rx band are categorized as difficult. And the band combinations for L-L (<1GHz) and H-H (1.695GHz-2.695GHz) in which the 3rd order IMD of the simultaneous UL bands fall into its own Rx band or the third Rx band are categorized as difficult. For non-difficult band combinations, simultaneous UL transmission is mandatory. In the case that the IMD products fall into the third Rx band, simultaneous UL transmission can only be configured when the third band is working as a deactivated Scell.
The following formulas define which channel combinations within difficult band combinations are not affected by IM2 and IM3. Simultaneous UL transmission is mandatory for the unaffected channel combinations in difficult band combinations. 
Interference bandwidth: IBW = |a| x CBW1 + |b| x CBW2
|a| + |b| = 2 (or 3)
CBW1 and CBW2 are UL channels
Center frequency of IBW:  fIBW = a x f1 + b x f2
f1 and f2 are center frequency of each UL channel
The range of IMD 2 (or 3):  [fIBW – IBW/2, fIBW + IBW/2]
Note: The DL channels and UL channels are the channel bandwidth of the cell.
----- < End of changes >-----
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