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Introduction
At RAN4#68 meeting, the following topics are discussed for 2GHz MSS band in Region 1 and Region 3 [1-7].

· Standalone or extension of Band 1
· Co-exsitence with Band 34
· RF requirement
This contribution further discusses these topics in the following chapters.


Discussion
The band plan options and coexistence scenarios
The two possible band plan options were discussed at RAN4#68 meeting.
· The paired band, 1980-2010 MHz and 2170-2200 MHz, is defined as a standalone band
· The paired band, 1980-2010 MHz and 2170-2200 MHz, is defined as a superset of Band 1 such that the extended paired band, 1920-2010MHz and 2110-2200MHz, is defined as a new FDD band.

The coexistence with Band 34 was also discussed. Band 34 can be deployed together with the MSS band in some countries, even if it is not commercially launched today. Therefore, the coexistence with and without Band 34 shall be considered.

The following items summarized the four possible band plan and coexistence options.
· Case 1: Band 1, MSS and Band 34 coexist.
· Case 2: Band 1 and MSS coexist.
· Case 3: Extended Band 1 and Band 34 coexist. 
· Case 4: Only Extended Band 1 exists.

The figure below illustrates the these band plan options.


Figure 1		Possible band plans and coexistence


The analysis on agressers and victims for Band 34 coexistence with MSS band
The following table summarizes all the combination of aggressers and victims when both Band 34 and MSS band are deployed. It is noted that we do not distinguish the standalone band or extension in this table (i.e., Case 1 or Case 3 in Figure 1). The problematic scenarios are the same for both band plans. The difference lies in its magnitude.

	
	
	Victim

	
	
	B34 UE RX
	B34 BS RX
	MSS UE RX
	MSS BS RX

	Aggresser
	B34 UE TX
	No issue.
	No issue.
	No issue.
	Issue.

	
	
	assuming UL/DL synchronized.
	assuming UL/DL synchronized.
	at least 85MHz separation secured
	
The expected level of UE inband Tx can be handled by BS.
UE spurious shall be limited decently.

	
	B34 BS TX
	No issue.
	No issue.
	No issue.
	Big Issue.

	
	
	assuming UL/DL synchronized.
	assuming UL/DL synchronized.
	at least 85MHz separation secured
	
Require a guard band and restriction in site locations.

	
	MSS UE TX
	Issue.
	Issue.
	No issue.
	No issue.

	
	
	May require A-MPR or otherwise a certain guard band within MSS and/or B34.
UE spurious shall be limited decently.
	The expected level of UE inband Tx can be handled by BS.
UE spurious shall be limited decently.
	at least 100MHz separation secured
	The same as Band 1 coexistence

	
	MSS BS TX
	No issue.
	No issue.
	No issue.
	No issue.

	
	
	at least 85MHz separation secured
	at least 85MHz separation secured
	The same as Band 1 coexistence
	at least 100MHz separation secured


Table 1	Aggresser/Victim combination


There are potential issues in four cases highlighted. However, the most critical case is when
· B34 BS Tx agresses MSS BS Rx
The case needs a fundamental solution to avoid the interference such as, for example, by placing a guard band and (maybe in addition) securing the base station minimum distance.

BS implementation aspects
MSS or extended band Rx
A filter for the full extended band or the MSS band will not be able to provide sufficient rejection to cope with the 16 dBm co-location blocking requirement in band 34. However, at this level the out of band emissions of the band 34 BS TX will desensitize the receiver anyway, regardless of the RX filter. Thus, if co-location with a band 34 BS is required, a guard band will be necessary in the BS receive filter. However, if band 34 is not deployed or only coexistence is required, a filter for the full extended band can be implemented in the BS.
Band 34 Tx
The Band 34 BS will need improved spurious emission specifications in both the MSS UL and the MSS DL bands. Especially the spurious emissions in the adjacent MSS UL band will be very challenging.
Need for multi-band radio tranceiver
The MSS band is deployed together with Band 1 in most regions. It is expected that many operators own both Band 1 and the MSS band. These operators would be interested in sharing both bands in their networks since they are just adjacent each other. In that case, the multi-band transceiver that covers both bands is the preferred implementation for the base station. 

Therefore, from the base station RF implementation point of view, there will eventually be no difference between an extension and a standalone band. The extension band could be a bit simpler from the baseband control perspective by reducing the possible band combinations.
This aspect should be taken into account in making a decision on the band arrangement.

UE implementation aspects
Duplex filter implementation options
The UE implementation analysis was presented in [2] in terms of the single filter or dual filter implementation. We see three alternatives in UE duplex filter implementation are possible for supporting both Band 1 and the MSS band, regardless of the band plan options.

· Single filter
· Dual filter (Band 1 and MSS band filter)
· Dual filter (Band 1 and Extended Band filter)

In Table 1, the pros and cons analysis is presented for each implementation alternative.

	Alt
	UE duplex Filter implementations
	Pros
	Cons

	1
	Single Filter covering Extended Band
	Cost efficient.
Flexible frequency usage by intra/inter-band CA (for both band plans.)
	Possible RF performance degradation.
For Band 34 coexistence, Band 1 requirements to protect Band 34 need to be relaxed.
Issue in Band 34 and MSS band coexistence.

	2
	Dual Filters covering Band 1 and MSS band, respectively.

(MSS band filter can overlap with Band 1 for the extended band plan)
	No degradation of Band 1 RF performance*.
MSS band performance is expected to be the same as Band 1.
Band 1 and 34 can coexist.
	Intra/inter Band CA of Band 1 and MSS band question.
Issue in Band 34 and MSS band coexistence but not as bad as Alt 1/3.

	3
	Dual Filters covering Band 1 and Extended Band, respectively
	No degradation of Band 1 RF performance*.
Band 1 and 34 can coexist.
Intra/inter Band CA possible, but possibly with some RF performance degradation.
	Possible RF performance degradation in extended band.
Issue in Band 34 and MSS band coexistence.

	
	
	* additional insertion loss assumed negligible
	


Table 2	Pros and Cons for UE filer implementation alternatives

If the extended band filter can be consistent with the existing Band 1 requirement in RF performance, then the alternative 1 would be the desirable implementation. If Band 34 coexistence is an issue in some regions, then the alternative 2 or 3 may still need to be considered for such deployment, unless A-MPR or another solution can solve the coexistence issue.

If the extended band filter cannot be consistent with the Band 1 RF requirement, then the alternative 2 or 3 need to be considered, depending on the trade-off between the frequency flexibility and RF performance in the MSS band.

UE duplex filter implemenetation for Band 34 coexistence
UE spurious emission is typically specified at -50 dBm/Hz for coexistence. This requirement is impossible to meet for MSS Band UE on Band 34. This is also true for Band 34 UE on MSS UL band. Some relaxation in the coexistence requirement would be necessary to make the UE duplex filter implementation feasible.
Dual duplex filters would ease the implementation feasibility to some extent. If the implementation is not feasible regardless of these efforts, then we need another solution such as placing a guard band and/or putting A-MPR requirement.
	
Network deployment and operation limitations
Observations common to all deployment scenarios (with and without Band 34)
For Standalone band, the inter-band CA for Band 1 and the MSS band may be used but this is questionable if UE implementation supports it because two frequencies are too close to each other and cannot be split without a large insersion loss.

For Band 1 extension, the intra-band CA can be used with Band 1 and the MSS band frequencies together, either contiguous or non-contiguous. Band 1 extension has a benefit that the frequency around 1980MHz in UL or 2170MHz in DL can be continuously used for the operators who has continous frequency allocation. This is only true for UE Alt 1 and Alt 3 implementations in Table 2. If UE Alt 2 is chosen, the bands cannot be combined without a large insertion loss in the transition frequency range. It is also mentioned, for UE Alt 3, the Band 1 RF requirement will not be satisfied if CA is used together with MSS band. 

For both cases, if UE RF performance is degraded in MSS band (either Tx or Rx), the network coverage can be slightly different between Band 1 and MSS band frequency. Thus, this needs to be considered in the network deployment especially for the operators who plan to deploy MSS band on top of Band 1 with shared site locations.

Coexistence with Band 34
The network deployment needs attentions depending on the coexistence and co-location scenarios. As mentioned in Table 1, there is a possible BS-BS interference issue for Band 34 and MSS band. This would need to be suppressed by placing a guard band for the coexistence and, especially, co-location case. In addition a restriction in site selections and some other site engineering (such as sector beam direction or tilt adjustment, etc) would be necessary to reduce the interference level. 

For MS-MS interference, another scheme might be used such as A-MPR or otherwise the guard band in order to improve the coexistence condtion. The guard band in the uplink can be introduced by the RB restriction near the band edges. However, even with the help from these actions the -50 dBm/1MHz co-existence requirement seems not to be possible to meet. It is noted that A-MPR can affect the uplink coverage, thus MSS uplink band may not be suitable for the uplink coverage.


The benefit for each band plan
The benefit of standalone band
The standalone band is the most straightforward solution with minimum impact to the BS/UE implementation and the coexistence. In particular,

· BS receiver implementation is easier even if Band 34 coexists, unless we consider the multi-band radio solution in the base station.
· UE RF performance in the MSS band such as Rx sensitivity can be compatible with Band 1 performance. Thus the network deployment is also straightforward for MSS band if the base station sites are shared with Band 1.
· The standalone band plan has less issues in coexistence with band 34 than the extended band plan due to better TX filter rejection in the MSS UE.
The standalone band is therefore a conservative solution and it is suited for an early deploymen of MSS band.

The benefit of Band 1 extension
From an overall ecosystem and the S-Band spectrum owners perspective, Band 1 extension would be desirable in the following reasons.

· Plain 2x 90 MHz band would give max flexibility in spectrum assignments such as intra-band contiguous/non-contiguous carrier aggregations and the placement of component carriers.
· Band 1 extension could eventually replace Band 1 to limit the overall number of bands, then it would make one single large ecosystem vs. a combination of a relatively big Band 1 and a smaller MSS band.
· Band 1 extension could make the base station and UE more cost efficient when the single filter implementation becomes possible in the future.
We have such precedence of the band extension, i.e., from P-GSM to E-GSM. This is quite an attractive solution even if it is technically chanllenging at this moment.


Conclusion
We have discussed the possible band plans with or without Band 34, BS implementation aspects, UE implementation aspect, and network deployment aspects in Chapter 2. Then in Chapter 3, we summarized the benefit of each band plan option.

The coexistence of Band 34 and MSS band is difficult regardless of the standalone or extended band plan. It is necessary to continue the study to conclude the requirement for the coexistence.

When making a decision on the band plan, the implementation aspects of both the UE and BS shall be considered further. The future usage of the band should be considered as well.
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