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1. Introduction 
In RAN#77, sseveral agreements [1][2][3] were agreed for the support of single Tx switched UL. Although most of the Tdocs for this agenda in RAN4 NR#3 were not treated since the Tdocs were submitted before the RAN conclusion, many online and offline discussions were taken place to further progress the work. Part of the them were documented in the WF [4] although not agreed because lack of consensus. 

In this paper, some further considerations and analysis were provided for further progress. 
2. Discussions
2.1. Status analysis 

Our understanding of the key points in the RAN conclusion are: 

1) Reduce the granularity from band combination to channel combination to differentiate different interference scenarios with in a band combination. 
2) Classify the Band/Channel combination and identify difficult ones which were allowed to signal single Tx capability. 

However, there are still ambiguities related to these RAN conclusions that needs further clarification and work within RAN4. Some of the most concerned ones including:
a. The granularity of those newly defined “Channel combination”
b. The reference metric of “difficult” and the threshold of this metric.

c. The possible future extension of UE 2Tx behavior to account for deployment scenarios such as small cell.
A series of analysis were provided for these concerned points.

2.2. Channel granularity 

One possible thinking behind introducing smaller granularity than band is certain IMD issues would be mitigated. One similar example might be [5] in which by considering regional and operator specific deployment scenarios, less IMD were observed and MSD analysis were simplified. 

Traditionally in LTE CA, the finest granularity for requirements related to IMD were band combination. There is no existing clear definition of “channel assignment” or “channel allocation”.  Here is some possible explanation of “channel assignment”, and corresponding pros and cons analysis:
Option 1: A series of channel based on selected channel bandwidth; 
Based on this explanation, each band may be divided to a number of smaller bandwidth. E.g. a band which is 100MHz can be divided to five 20MHz bandwidth. 
Pros: The range impacted by IMD is reduced for each “channel combination”. This finer granularity would help to reduce unnecessary MSD relaxation. The requirements are still generic and operator may select some of the combinations to accommodate specific deployment.
Cons: The number of combinations would be greatly increased if a small channel bandwidth is selected and the number may be prohibitively high. A larger channel bandwidth would mitigate the combination number but would greatly lose the original intention of this scheme. E.g. not too much difference with a whole band.
In all, the first explanation is not attractive and not recommended.

Option 2: Frequency ranges based on particular band combination and IMD scenarios.
This explanation involve adaptively select suitable frequency ranges for a particular band combination.
Pros: This method may achieve a compromise between the complexity and meaning of the finer granularity than a whole band.

Cons: Lack of simple and uniform way of deriving the ranges. One possible way is based on the location of IMD signal, however, this is also not easy since several order of IMD may need to be considered and they are not aligned.
In all, explanation 2 is not clear yet. If an agreement could be found, this may become the best one. 
Option 3: Operator’s actual deployment;

For band combination with difficult IMD, one solution is to only define requirements based on actual deployment. 
Pros: This is maybe the least controversial one, and also would save a great deal of analysis particularly in early stages. 

Cons: In most regions, the detailed spectrum allocation plan was not yet settled. The work may be delayed.

The requirements would not be a complete set in many cases and regions. 

Operator specific requirements also means difficult to be re-used for other operators. This may potentially lead to more work than currently expected.
In all, this would be currently the easiest way, however problems may become a bit complicated in the future. Considering the current heavy work load, it is also proposed to be considered.
To sum up, no perfect solution was found and explanation 2 or 3 might be more reasonable. However, one way or another is needed to be settled as baseline or the whole process would be delayed. 

Proposal 1: For channel granularity, it is proposed to adopt operator’s actual deployment, or frequency ranges based on particular band combination and IMD scenarios if further method could be clarified.


2.3.  Threshold of “Difficult” 

During the discussion of WF [4], there is following tentative agreement:
“RAN4 to define “difficult” band/channel combinations (including at least channel assignments) using the rule based on presence of resulting IMD [2]…[TBD]”
By analyzing the information “LTE 2UL CA MSD vs. IM order” in the last page of [4], it can be seen that MSD corresponding to IM3 is rarely less than 10dB and with an average of about 15dB MSD. We think that it is far more conservative and at least IMD3 could be treated as difficult as a baseline. In certain scenario that the MSD is indeed much smaller such as 5dB, exceptions could be made.
In addition, the IM4 and IM5 is also severe.
Proposal 2: At lease IMD3 (IM4/5 more preferred) should also be regarded as “Difficult” as a baseline, although exceptions can be made using other method such as MSD analysis. 
2.4. Possible future extension 

There is a request from operators to add flexibility for RAN2 signaling regarding the 1Tx/2Tx selection which was also listed in page 5 in WF [4].  One raised example is that the small cell scenario would greatly reduce the transmit power of UE while maintain good DL signal quality, thus a much smaller in-device interference could be expected and 2Tx may have better opportunity even for the band combination with large MSD.
 In this case, some scheme may be introduced in the future, e.g. if the transmit power of UE below a certain value for some time, the UE’s link quality can be regarded as very good and could be operate in 2Tx. 
Proposal 3: Possible future extension can be considered for wider use of 2Tx.
3. Conclusion
In this contribution, some further considerations and analysis were provided regarding 1Tx/2Tx for further progress. Following proposals were provided:
Proposal 1: For channel granularity, it is proposed to adopt operator’s actual deployment, or frequency ranges based on particular band combination and IMD scenarios if further method could be clarified.
Proposal 2: At lease IMD3 (IM4/5 more preferred) should also be regarded as “Difficult” as a baseline, although exceptions can be made using other method such as MSD analysis. 

Proposal 3: Possible future extension can be considered for wider use of 2Tx.
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