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1	Introduction 
During the RAN #90e meeting a new study item was approved [1] to study the the possibilities to use the 600MHz frequency range according to the LS from APT [2]:
	The purpose of this study item is to:
Study a  harmonised frequency variant approach within the frequency range of 612-652/663-703 MHz. The liaison statement from AWG to RAN4 has given two options B1 and B2 respectively. For each option it will be desirable to study the technical feasibility of the duplex filters needed, centre band gap, insertion loss. 
For option B2 the duplex distance is 46 MHz as is the case with NR band n71.  The bottom duplexer is the same as that of n71, with an additional upper duplexer that should have as large possible overlap as possible with the lower duplexer in n71 but at the same time being able to handle the duplex gap of 6 MHz. The size of this upper duplexer needs to be studied.  The co-existence requirement with adjacent broadcast service below 617 MHz can be fulfilled with the same condition as in band n 71. It is assumed that there are no services in 657- 663 MHz
For option B1 the duplex distance is 51 MHz , which may be considered in case of an additional broadcasting channel can be vacated such that the guard band to the adjacent broadcast service is still maintained similarly to band n 71. In addition, the protection of radio astronomy is required in certain countries in Region 3 ( WRC 15).
Both options B1 and B2 addressed here are just starting point for the feasibility study to enable the utilization on extended 600MHz band.. 
The AWG work plan forwarded to the 3GPP shows this work to be completed by September 2021.
Specifically, this study item includes the following objectives:
-	Regulatory study of the frequency range around 600MHz in Region 3
-	Co-existence study for the frequency range of 612-652/663-703 MHz such as with DTV (if needed)
-	Study potential frequency arrangements and conclude the possible implications (such as insertion loss, transmitter and receiver characteristics for both BS and UE, system limitations such as channel bandwidths, etc.) of different duplex filter implementations. 
-	Consider options B1 and B2 from AWG LS, but other options are not precluded. 
-	Answer the request from AWG regarding the technical feasibility of option B1 and B2, respectively. Further options are not precluded and may be included in LS to AWG.
	NOTE: Since regulatory study of frequency range around 600MHz is for Region 3, the SI outcome will not impact any requirements defined for US 600MHz band.



TR38.860 is used to capture the study's outcomes [3].  During the RAN4 #99 meeting a number of text proposals were approved in [4], [5], [6], [7], [8].  The study item Rapporteur provided the draft updated TR prior to this meeting, which is used as the baseline for further corrections presented in this contribution.  This contribution provides a summary of the discussion so far, recommends conclusions for the study item, and provides draft liaison text to AWG with these conclusions.
This contribution is a revision of R4-2114379 and includes just the text proposal to TR38.860 for approval; all other content is for information only.
2	Discussion 
With the updated draft TR38.860 which consolidates the recently approved text proposals, it is possible to review and identify several aspects for correction.
Clause 6.4.3 introduces filter option B2a and includes square brackets around the following sentences (highlighted below):
	A device that supports the extension of the 600MHz band may choose to also support the existing 600MHz band, n71, with the same or different hardware.  [Specifying a new dual duplexer solution re-using band 71/n71, which is already specified allowing at least a dual duplexer architecture, may be an issue, as a dual duplexer band is not very flexible when spectrum allocations change.] A new dual duplexer band or any other band that extends beyond the current 600 MHz band definitions would require new UE designs. To enable existing UE’s already on the market, the APT band plan would need to include the existing band 71/n71 band definition and its requirements.  [Any desired extension such as the additional 2x5 MHz spectrum proposed in the SI to this would require new designs.]



For the first bracketed sentence, it was proposed to refer to the analyses for filter options B1 and B2 with the following:  "Specifying a new dual duplexer solution re-using band 71/n71, which is already specified allowing at least a dual duplexer architecture, may introduce implementation challenges, as outlined in Clauses 6.4.1 (Option B1) and 6.4.2 (Option B2)."
Following the first round of the discussion, the first sentence is proposed to be further clarified as follows:
"Specifying a new dual duplexer solution, which accommodates a device that supports the extension of the 600MHz band and the existing band n71, which is already specified allowing at least a dual duplexer architecture, may introduce implementation challenges."
It is proposed to delete the second bracketed sentence.
Proposal 1:	Clarifications of the bracketed sentences in Clause 6.4.3 are needed and are proposed in Annex A of this contribution (change 1).
We next consider the discussion related to DTV CH36 rejection with the filter option B1.  Clause 6.4.1.1, immediately below Table 6.4.1.1, includes the following text:
	With the passband of the Rx filter extended down to 612 MHz, there is no opportunity to provide meaningful filter rejection to a Ch 36 blocker as shown in Figure 6.4.1.1-4.  A channel 35 blocker at -15 dBm being one channel further away can be rejected.  Alternatively, some rejection to Ch 36 can be achieved at the expense of increased Rx IL over the lowermost 5 MHz of the Rx band.



However, some text further below in the same clause seems inconsistent:
	The simulation results indicate that the B1 filter is technically feasible and despite the potential increase in IL is expected to fulfil Band 71 requirements with the exception of the Ch 36 blocker (results further below suggest that even the CH 36 blocker rejection may be achievable).  



We observe that the only numerical analysis of CH36 blocker rejection is provided in Table 6.4.1.1-5, where Vendor A reports <15 dB, Vendor <20 dB, and Vendor C ~20 dB.  Given that Case 3 of the blocking requirement sets the blocker level to -15 dBm, this rejection is not sufficient to fulfill the requirement.  Thus, statements to the effect of "some rejection to Ch 36 can be achieved at the expense of increased Rx IL" should be removed from the TR unless they can be supported by additional measurement results.  If such results are available, then we would be glad to review them during the meeting and incorporate into the TR.
In an effort to conclude the study item, a summary of the studies of the three filter options is needed.  Referring back to the TR, it appears that filter options B2 and B2a have provided the summaries as follows:
	6.4.2.4	Summary of option B2
Single duplexer of full 2x40 MHz:
-	This duplexer implementation supports 663-703 MHz for TX and 617-657 MHz for RX. Since the duplex gap is just 6 MHz, severe REFSENS issues are expected. It is practically not feasible.
Dual duplexer with lower duplexer identical to n71
-	This duplexer implementation is based on the lower duplexer the same as n71. The same performance as n71, when reusing n71 duplexer, is achieved. Own band protection may need to be reduced within the upper 5 MHz of the RX band, however smaller upper duplexer (than 35 MHz) can provide a balanced trade-off, though the channel bandwidth is restricted in the passband of upper duplexer.
...
6.4.3.2	Option B2a with Single Duplexer
Band 71 together with Option B2a span 663-703 MHz for TX and 617-657 MHz for RX. Since the duplex gap is just 6MHz, there are challenges to implement it with a single duplexer using current filter technology.
6.4.3.3	Option B2a with Dual Duplexer
Option B2a can be implemented with a dual duplexer configuration. One duplexer could cover the frequency range of n71 with 35MHz and 663-698 MHz for TX and 617-652 MHz for RX and the second the additional APT frequencies with a bandwidth of 35MHz or less, for example for a 30MHz duplexer 673-703 MHz for TX and 627-657 MHz for RX.  Option B2a has no impact on the filter performance of the Band 71 duplexer.

Due to the small duplex gap there will be an issue to protect the upper part of the RX band with -50dBm/MHz from the own TX, in case this is specified as a single band with Option B2. If the band is split into n71 and the additional frequency range as Option B2a, this issue still exists since the n71 Tx filter is not able to provide rejection to the upper 652 – 657 MHz portion of the downlink in the new band with only 6 MHz separation without, e.g., a relaxation of the protection requirement.



Unforunately, no summary was provided for Option B1.  RAN4 should agree on a summary for this option to succinctly convey to APT and AWG the essential outcomes.  One proposal is to adopt the following text in a new sub-clause:
Summary of option B1
Summary for Single 2 x 40MHz Duplexer Option B1:
-	Higher Insertion loss than a band 71 duplexer will degrade REFSENS and output power/efficiency, especially at the band edges. About 0.5dB degradation can be expected
-	Rejection for n29 still seems reasonable and doesn’t show an issue.
-	Rejection at DTV channel 36 is significantly reduced, if this duplexer is used for n71 as well, the In-Band-Blocking test is likely to be failed.
Summary for Split Duplexer Option B1:
-	Option B1 can be implemented with a dual duplexer configuration. One duplexer should cover the frequency range of n71 with 35MHz and the other 35MHz or less. If the second duplexer would have less than 35MHz, for example 30 MHz, it becomes smaller and will have a better performance.

To conclude this study item, a liaison statement needs to be sent to the APT Wireless Group.  We suggest keeping the liaison text focused on providing information about the three filter options analyzed by RAN4 and a summary of the three options considered.  The LS should also attach the latest version of TR38.860 to provide complete information to the APT Wireless Group.
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Annex A: Text Proposal
<< start of change 1 >>
6.4.3	Option B2a
6.4.3.1	General
A device that supports the extension of the 600MHz band may choose to also support the existing 600MHz band, n71, with the same or different hardware.  Specifying a new dual duplexer solution, which accommodates a device that supports the extension of the 600MHz band and the existing band n71, which is already specified allowing at least a dual duplexer architecture, may introduce implementation challenges.[Specifying a new dual duplexer solution re-using band 71/n71, which is already specified allowing at least a dual duplexer architecture, may be an issue, as a dual duplexer band is not very flexible when spectrum allocations change.] A new dual duplexer band or any other band that extends beyond the current 600 MHz band definitions would require new UE designs. To enable existing UE’s already on the market, the APT band plan would need to include the existing band 71/n71 band definition and its requirements.  [Any desired extension such as the additional 2x5 MHz spectrum proposed in the SI to this would require new designs.]  

One option illustrated below is to use band 71/n71 as is, covering the frequency range 663-698MHz for UL and 617-652MHz for DL in the APT region, and specify a new band covering at least the additional 2x 5MHz spectrum proposed in the SI, but it could also support up to 2x 30MHz to maximize the overlap with band 71/n71 to enable CA/DC within the new band. The new band plan could look like shown in Figure 6.4.3.1-1 below.

[image: ]
Figure 6.4.3.1-1: Band plan proposal for Option B2a
To maximize the overlap to enable CA/DC, option 5 above can specify one new single duplexer FDD band nyyy additionally to band n71, which is already specified. The operating band table can be as shown in Table 6.4.3.1-1 below:

Table 6.4.3.1-1: Operating band table for Option B2a
	NR operating band
	Uplink (UL) operating band
BS receive / UE transmit
FUL_low   –  FUL_high
	Downlink (DL) operating band
BS transmit / UE receive
FDL_low   –  FDL_high
	Duplex Mode

	n71
	663 MHz – 698 MHz
	617 MHz – 652 MHz
	FDD

	nyyy
	673 MHz – 703 MHz
	627 MHz – 657 MHz
	FDD

	NOTE:	UE that complies with the NR Band nyyy minimum requirements in the present document shall also comply with the NR Band n71 minimum requirements.




6.4.3.2	Option B2a with Single Duplexer
Band 71 together with Option B2a span 663-703 MHz for TX and 617-657 MHz for RX. Since the duplex gap is just 6MHz, there are challenges to implement it with a single duplexer using current filter technology.
6.4.3.3	Option B2a with Dual Duplexer
Option B2a can be implemented with a dual duplexer configuration. One duplexer could cover the frequency range of n71 with 35MHz and 663-698 MHz for TX and 617-652 MHz for RX and the second the additional APT frequencies with a bandwidth of 35MHz or less, for example for a 30MHz duplexer 673-703 MHz for TX and 627-657 MHz for RX.  Option B2a has no impact on the filter performance of the Band 71 duplexer.

Due to the small duplex gap there will be an issue to protect the upper part of the RX band with -50dBm/MHz from the own TX, in case this is specified as a single band with Option B2. If the band is split into n71 and the additional frequency range as Option B2a, this issue still exists since the n71 Tx filter is not able to provide rejection to the upper 652 – 657 MHz portion of the downlink in the new band with only 6 MHz separation without, e.g., a relaxation of the protection requirement.

<< end of change 1 >>
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Option 1: New band with 10 MHz bandwidth



Option 2: New band with 15 MHz bandwidth



Option 3: New band with 20 MHz bandwidth



Option 4: New band with 25 MHz bandwidth



Option 5: New band with 30 MHz bandwidth
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