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1. Introduction
The last RAN4 NR AH#3 discussed conditions such as when UE for LTE/NR DC is allowed to use single uplink transmission is based on an LS sent by TSG RAN#77 [1]. This contribution shares our views on the applicable conditions. 
2. Calculation of the place where IMD directly hits  
To avoid misunderstanding about MSD and the mechanism in the following sections 3 and 4, firstly, we share how to identify the place where an IMD directly hits. 
As was mentioned in [2], the place where an IMD directly hits can be calculated in the following formulations.

                                             (1)
· 
is interference bandwidth
· 

and  are transmission bandwidths of each of the two UL transmissions

                                      (2)
· 

Coefficients of  and  are coefficients for a certain order of IMD. 
· 
 is the centre frequency of the IBW
· 

 and  is the centre frequencies of each of the two UL transmissions

Hence, frequency range of where IMD directly hits is

                         (3)









For instance, in the case 1 to be discussed in subsection 3.2,  (interference BW [2]) = |-1| x 20 + |1| x 100 = 120 MHz. The remaining thing we need to do is just finding out the centre of . Since the centre frequencies of each of and  are 1775 and 3650 MHz respectively, the centre frequency of  is -1 x 1775 + 1 x 3650=1875 MHz. Thus, the frequency range of IMD2 directly hitting is 1815(=1875-120/2) - 1935(=1875+120/2) MHz. This just says that the place where an IMD directly falls is uniquely determined at the same time as the centre frequencies of each of the two Tx and their bandwidths are determined. It should be worth noting that the conditions such as , ,  and  are what NOT UE but rather network decides..
Observation 1: The place where IMD directly hits is calculated with followings which network schedules.
· 

 and  are the centre frequencies of each of the two UL transmissions
· 

and  are transmission bandwidths of each of the two UL transmissions

3. Granularity of categorization  
According to [1], it seems that a rule for categorization is band combinations including channel assignments. The definition of channel assignment however, was not clear. Hence, this section further discusses three options and aim to obtain some insight on how to move on. The options are 
- Per band combination basis for a certain operator’s spectrum holdings
- Per combination of channel bandwidths and its frequency distance for a certain operator’s spectrum holdings
- Per combination of transmission bandwidth and its frequency distance for a certain UE at a given time. 
Note that for simplicity, we consider the following cases in this contribution.
- IMD2 is the criteria for a single uplink transmission
- Band combination of LTE Band 3 and NR n78
3.1 Per band combination basis







Based on the formulations of (1) to (3), the frequency range where the IMD2 directly hits is 1515-2095MHz as illustrated in Figure 3.1-1. Since the DL of Band 3 is 1805-1880MHz, it is considered that the entire Band 3 DL is affected by the IMD2. Hence, if we set the granularity of categorization to per band combination basis and allow UEs to decide when single UL transmission is used, the band combination always would allow the UEs to use single UL transmission regardless of operators’ spectrum holdings. Note that the  is determined by the coefficients for the order of IMD,  and . In case for per band combination,  and  are replaced with their own pass bandwidths. Thus, wider passbands for certain bands are, wider the  due to IMD becomes. Hence, LTE bands used together with n77 and n78 whose passband widths are 900MHz and 500MHz respectively would be easily impacted by IMD if we follow this rule. Note that the formula (2) also implies that larger the order of IMD becomes, wider corresponding  becomes.
Observation 2: If UEs decide when single UL transmission is used, DC band combination consisting of bands whose passband widths are large is likely to allow the UE to use single UL transmission.

Figure 3.1-1: Example for per band combination basis with LTE Band 3 and n78
3.2 Per combination of channel bandwidths
In this subsection, we consider two cases where certain operators’ spectrum holdings are followings as illustrated in Figure 3.2-1.
Case 1
20MHz channel bandwidth of LTE Band 3, UL of 1765-1785 MHz and DL of 1860-1880 MHz
100MHz of channel bandwidth of NR n78, 3600-3700 MHz
Case 2
20MHz channel bandwidth of LTE Band 3, UL of 1765-1785 MHz and DL of 1860-1880 MHz
100MHz channel bandwidth of NR n78, 3700-3800 MHz

Figure 3.2-1: Example cases for per channel bandwidth basis with LTE Band 3 and n78
As illustrated in Figure 3.2-1, seemingly for case 1, the affected frequency range by IMD2 is 1815-1935 MHz. Hence, if a certain operator has spectrum holdings for the case 1, their network always may allow UE to use single uplink transmission if the UE decides when single UL transmission is used. On the other hand, for the case 2, the affected frequency range by the IMD2 is 1915-2035 Hz. Hence, the network with spectrum holdings for the case 2 would not have MSD due to the IMD at all if side lobe of the IMD is ignored.
Even in the case 1, however, if we assume carrier aggregation of 20MHz x 5 for n78, Band 3 LTE DL is NOT affected at all by the combination of the above Band 3 of 1765-1885 MHz and the last 20 MHz channel bandwidth of 3680-3700 MHz. Hence, depending on how being used spectrum to be expressed in the specification such that single CC of 100MHz or CA of 20MHz x 5 etc., the result can change if we set the granularity to the channel bandwidth basis. In addition, as mentioned in the next subsection, granularity is not perfectly fit if we specify applicable conditions based on channel bandwidth since as far as 3665-3700MHz is used, the IMD does not directly hit 1860-1880MHz. Moreover, the number of cases we need to specify would be significantly high since Band 3 has six channel bandwidths and n78 also has eight bandwidths not including CA cases. Furthermore, spectrum holdings will change by time. For instance, spectrum holdings for n77/n78 are not yet decided in some countries yet. That means if we specify single Tx applicable conditions based on the combinations of channel bandwidths basis, we need to specify significant number of the cases and continuously add new cases to the specification to follow the latest spectrum holdings. In addition, that would be challenging to specify all the cases where IMD2 can be seen in a limited time frame. It also should be noted that when the entire 100MHz is used by one user in n78, the PSD of IMD2 becomes lower. Hence, the MSD would not be like around 30dB. Hence, it is so unfortunate to just allow UEs to use single uplink transmission for channel bandwidth combination basis whenever they want to use it.
Observation 3: If UEs decide when single UL transmission is used, allowing the UEs to use single UL transmission based on channel bandwidths combination basis is still so coarse and it would be challenging to specify all the cases.

3.3 Per combination of transmission bandwidth for a certain UE
In subsection 3.2, we have found out that the case 1 has an IMD2 issue if we consider single 100MHz channel bandwidth for n78. Even if we assume 100MHz channel for n77, one user terminal does NOT always uses the entire 100 MHz resource at a given time. More specifically as illustrated in Figure 3.3-1, when one user terminal uses 3665-3700MHz of n78, the corresponding IMD2 hits 1885-1935MHz. Thus, as far as the user terminals use resource blocks of 3665-3700MHz for n78, the IMD does not directly hit Band 3 DL of 1860-1880 MHz at all. Since the place where IMD falls can be easily calculated as elaborated in section 2, we believe that it would be the best way to select this granularity to make maximum use of operators’ spectrum holdings.
Observation 4: If UEs decide when single UL transmission is used, allowing the UEs to use single UL transmission based on transmission bandwidths combination basis is an appropriate way. It is, however, it would be more challenging to specify all the cases than those for channel bandwidth combination basis.

Figure 3.3-1: Example cases for per transmission bandwidth basis with LTE Band 3 and n78
4. Way to go
In [3], it was proposed that “operators are requested to provide with their specific LTE-NR DC channel allocations to be included in Dec. 2017”. We, however, understand that the way is not practical due to the following reasons. Note that some of them are already captured in the observation 2, 3 and 4.
1: Granularity using channel allocation is so coarse and in most cases, single UL is allowed if UE decides when single UL transmission is used.
  Note that the above aspect is elaborated in the sub-section 2.x
2: Not clear how the information is specified. Whitelist or blacklist, whichever is selected, specification work would be significantly large.
3: For certain bands, operators’ spectrum holdings are not yet decided. Hence, it is not possible to share the information at this moment in some cases.
4: The list shall be continuously updated since the operators’ spectrum holdings will become different by time.
To find a way, we aim to identify fundamental issues from UEs and network perspective. 
For UE side, considering more specific work for standardization, it seems that when at least a certain IMD (Let’s say IMD2) directly hits some frequency range, the UE with single Tx capability does not have to meet MSD requirements due to the corresponding IMD2 for that frequency range. In other words, UE with single Tx capability does not need requirement for that MSD. In addition, it seemed that UE vendors were fine with to do this at least with granularity of channel assignment basis as far as we read the proposed WF of [3]. It would imply that their fundamental concern is specifying corresponding MSDs and/or meeting them.
Observation 5: Vendors’ concern would be that specification work for MSD and/or UEs for LTE/NR DC are forced to satisfy them.
Next, we discuss an issue from network perspective. If we take a look at currently specified MSD requirements, they are just one of the MSD values under certain conditions. That means if the uplink configurations (transmission bandwidth) and/or power balance between two uplinks are changed, the MSDs will become different. Hence, what vendors said would be true that it would be challenging for network to expect the signal quality dynamically and precisely in real network. We still, however, believe that the network can estimate the quality even roughly since even now, operators need manage to perform their operation with this fragmented information about MSD from TS36.10. In addition, the network can exactly identify where IMD directly falls for a certain UE at a given time as elaborated in the section 3. More specifically, when IMD falls for upper side of the victim channel bandwidth, the network can allocate DL resource to the lower side of the channel bandwidth to avoid MSD impact on the DL resource for a certain UE at a given time as illustrated in Figure 4-1. Moreover, if UE decides when single UL is used at a given time, even two cases illustrated in Figure 4-1, the UE may use single UL although the single UL is not necessary under this condition. Thus, network resource allocation to UEs in a forward-looking manner would come to nothing. Thus, we still believe that it is better to allow the network to decide when UEs to use single uplink transmission.

Figure 4-1: Example case for how network avoid IMD with scheduler
Observation 6: Currently specified MSDs in 36.101 are only applicable under certain uplink configurations.
Observation 7: Network has managed to handle UEs with MSD with fragmented information in 36.101.
Observation 8: Network can precisely identify where IMD directly hits for a certain UE at a given time when they schedule their uplink and down resources. Hence, the NW can aim to avoid the impact of MSD on the DL resource.
Observation 9: It is better to leave network to decide when UEs use single uplink from observation 6, 7 and 8.
With consideration of all the observations obtained in this contribution, we propose the followings as a package.
Way forward (as a package)
1. Network decides when UEs with single UL transmission capability use that feature at a given time.
2. UEs for LTE/NR DC shall have capability to perform simultaneous transmission with two uplinks at least DC band combinations between below 2.7GHz (LTE) and above 3.3 GHz NR. 
Note that some combinations whose two frequencies are in the close vicinity may not be forced to have capability to perform simultaneous transmission. The details are FFS.
3. UEs are allowed to have single UL transmission capability if they have at least IMD2 issue per band combination basis. Higher order IMD case is FFS.
4. The above UEs do not have to satisfy MSD requirements due to IMD2 for the corresponding combinations.
5. Handling of the boundary where IMD is just missing is FFS.
6. MSD requirements themselves allowed to be specified regardless of single UL transmission discussion.
7. Even if UEs guarantee satisfying the original MSD requirements, they are allowed to have single UL capability.
8. If UEs with IMD2 issue can have very small MSD (extreme threshold case is 0dB), they are not allowed to use single UL. The threshold is FFS.
3. Conclusion
This contribution discussed single uplink applicable conditions.
Observation 1: The place where IMD directly hits is calculated with followings which network schedules.
· 

 and  are the centre frequencies of each of the two UL transmissions
· 

and  are transmission bandwidths of each of the two UL transmissions
Observation 2: If UEs decide when single UL transmission is used, DC band combination consisting of bands whose passband widths are large is likely to allow the UE to use single UL transmission.
Observation 3: If UEs decide when single UL transmission is used, allowing the UEs to use single UL transmission based on channel bandwidths combination basis is still so coarse and it would be challenging to specify all the cases.
Observation 4: If UEs decide when single UL transmission is used, allowing the UEs to use single UL transmission based on transmission bandwidths combination basis is an appropriate way. It is, however, it would be more challenging to specify all the cases than those for channel bandwidth combination basis.
Observation 5: Vendors’ concern would be that specification work for MSD and/or UEs for LTE/NR DC are forced to satisfy them.
Observation 6: Currently specified MSDs in 36.101 are only applicable under certain uplink configurations.
Observation 7: Network has managed to handle UEs with MSD with fragmented information in 36.101.
Observation 8: Network can precisely identify where IMD directly hits for a certain UE at a given time when they schedule their uplink and down resources. Hence, the NW can aim to avoid the impact of MSD on the DL resource.
Observation 9: It is better to leave network to decide when UEs use single uplink from observation 6, 7 and 8.
With consideration of all the observations obtained in this contribution, we propose the followings as a package.
Way forward (as a package)
1. Network decides when UEs with single UL transmission capability use that feature at a given time.
2. UEs for LTE/NR DC shall have capability to perform simultaneous transmission with two uplinks at least DC band combinations between below 2.7GHz (LTE) and above 3.3 GHz NR. 
Note that some combinations whose two frequencies are in the close vicinity may not be forced to have capability to perform simultaneous transmission. The details are FFS.
3. UEs are allowed to have single UL transmission capability if they have at least IMD2 issue per band combination basis. Higher order IMD case is FFS.
4. The above UEs do not have to satisfy MSD requirements due to IMD2 for the corresponding combinations.
5. Handling of the boundary where IMD is just missing is FFS.
6. MSD requirements themselves allowed to be specified regardless of single UL transmission discussion.
7. Even if UEs guarantee satisfying the original MSD requirements, they are allowed to have single UL capability.
8. If UEs with IMD2 issue can have very small MSD (extreme threshold case is 0dB), they are not allowed to use single UL. The threshold is FFS.
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