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1. Introduction

Band definition in 3.3-4.2 GHz has been intensively discussed in previous meetings. Also, it was captured in the RAN4#83 minute that June ad-hoc is the deadline for this discussion. This contribution aims to finalize the discussion to move forward to the next step such as analyses of requirements for the band itself and for NR/LTE DC configurations including the spectrum.
2. Discussion

The approved WF [1] is the followings. 
· One of options below should be selected considering their pros/cons in RAN4#83.
· Option 1: To specify Band X (3.3-3.8 GHz) and Band Y (3.6-4.2 GHz)
· Band X and Band Y shall be supported simultaneously
· Option 2: To specify Band Z (3.3-4.2 GHz)
· Option 3: Option 1 & 2
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Figure 1: Candidate operating band options in 3.3-4.2 GHz in [1]
In [2], we proposed to adopt Option 2 with consideration for specification complexity with the understanding that any candidate options don’t necessarily force the UE implementation such as one PA or two PA’s. More specifically, even if Band X (3.3-3.8 GHz) and Band Y (3.6-4.2 GHz) are specified, one PA implementation is still possible. Conversely, even if Band Z (3.3-4.2 GHz) is specified, two PA’s is still allowed. This explanation was captured in the WF [3] (noted) as a common understanding and there was no online objection to the sentence during the presentation. However, another concern on the candidate options above was expressed. It seems that the justification of the concern was that since the below note captured in the approved WF [1] isn’t satisfied according to input from some vendors in RAN4#83, the agreement is not valid anymore.
RAN4 agrees that compared to a device only supporting 3.3-3.8 GHz, there shall be no additional losses in the TRx path within 3.3-3.8 GHz for a device supporting 3.3-4.2 GHz.
Nevertheless, we still have a different understanding and will justify the previous agreement in following sections.
2.1 Filter perspective

2.1.1 Insertion loss

Our understanding is that one of concerns from the companies was for IL at 3.3-3.8 GHz with a filter supporting 900 MHz bandwidth. Table 1 is an extract from [4]. 

Table 1: Filter pass IL for different band arrangements (extract from [4])
	 
	Vendor A
	Vendor B

	 
	Typical IL (dB)
	Worst case IL (dB)
	Typical IL (dB)
	Worst case IL (dB)

	Z: 3.3-4.2 GHz
	1.25
	1.6
	1
	1.3

	X2: 3.3-3.7 GHz
	1.17
	1.45
	0.9
	1.2

	Y2: 3.7-4.2 GHz
	1.23
	1.6
	0.9
	1.2

	X: 3.3-3.8 GHz
	1.17
	1.45
	0.9
	1.2

	Y: 3.6-4.2 GHz
	1.23
	1.6
	0.9
	1.2


Although this table indicates that there is the worst IL difference of 0.1-0.15 dB between filters for Band X and Z, the achievable attenuation was not shown. If these filters of Band Z have excessive attenuation for Band 7/41 and 5 GHz WiFi than actually required, this comparison would not be fair. Thus, we have also investigated other filter characteristics with essential (minimum) attenuation which are actually required for some Band 42/43 products.
Table 2: Other filter characteristics
	Parameter
	Frequency range
	Vendor 1
	Vendor 2
	Vendor 3

	
	
	Band X BPF
	Band Z BPF
	Band X BPF
	Band Z BPF
	Band X BPF
	Band Z BPF

	Insertion loss

(ETC)
	3300-3400 MHz
	1.1 dB
	1.1 dB
	2.0 dB
	2.0 dB
	1.9 dB
	1.9 dB

	
	3400-3800 MHz
	0.95 dB
	0.95 dB
	1.5 dB
	1.5 dB
	1.9 dB
	1.9 dB

	Attenuation

(Typ)
	698-2690 MHz
	35 dB
	39.8 dB
	45 dB
	45 dB
	51.8 dB
	50.5 dB

	
	5150-5925 MHz
	27.8 dB
	31.1 dB
	35 dB
	30 dB
	25 dB
	25.3 dB


Based on Table 2, the observation below can be derived.
Observation 1: There is no IL difference between Band X and Z filters with appropriate attenuations for Band 7/41 and 5 GHz WiFi.

2.1.2 Blocking
Our understanding is that another concern from the companies was blocking interferences from 3.8-4.2 GHz and 4.2-4.4 GHz (i.e., the altimeter) when supporting 900 MHz bandwidth passband. Since this aspect was not captured in the approved WF, we believe that this should not be a justification to override the agreement and doesn’t have to be discussed anymore. Nevertheless, we aim to mitigate the concern of the proponents with our survey below.
First of all, even with the 3.3-3.8 GHz band, in principle, the LTCC filter is not be able to provide sufficient attenuation (almost passband) to 3.8-4.2 GHz with practical IL because of the nature of LTCC filter that is not good at obtaining large attenuation in the vicinity of the edges of the passband. This issue has already been identified in the current 3.5 GHz OOBB spec which was relaxed by 5 dB for frequency offsets within +/-600 MHz from the band edges. In addition, expected blocking level at 3.8-4.2GHz in Europe hasn’t been identified in RAN4 so far and required filter attenuation is unclear. Furthermore, although an IMD2 issue with B28 UL PCC signal and out of band blocker falling at B42 was raised in [5], 3.3-3.8 GHz filters have little ability (around 3 dB) to attenuate blocker at 4.103 MHz as shown in Table 3. That means that 3.3-3.8 GHz filters cannot obtain more than 3 dB attenuation without including the IL.
Table 3: Filter characteristics in Table 2 with more information for 3.8-4.2 GHz attenuation
	Parameter
	Frequency range
	Vendor 1
	Vendor 2
	Vendor 3

	
	
	Band X BPF
	Band Z BPF
	Band X BPF
	Band Z BPF
	Band X BPF
	Band Z BPF

	Insertion loss

(ETC)
	3300-3400 MHz
	1.1 dB
	1.1 dB
	2.0 dB
	2.0 dB
	1.9 dB
	1.9 dB

	
	3400-3800 MHz
	0.95 dB
	0.95 dB
	1.5 dB
	1.5 dB
	1.9 dB
	1.9 dB

	Attenuation

(Typ)
	698-2690 MHz
	35 dB
	39.8 dB
	45 dB
	45 dB
	51.8 dB
	50.5 dB

	
	3800-4.103 MHz
	Same as passband
	Passband
	Same as passband
	Passband
	Same as passband
	Passband

	
	4.103-4200  MHz
	3 dB
	
	-
	
	2.95 dB
	

	
	4200-4400 MHz
	10.5 dB
	Same as passband
	-
	Same as passband
	5.75 dB
	Same as passband

	
	5150-5925 MHz
	27.8 dB
	31.1 dB
	35 dB
	30 dB
	25 dB
	25.3 dB


Meanwhile, the 3.3-3.8 GHz filter has typical attenuation of 5.75-10.5 dB for the altimeter blocking. According to a study in Japan based on Recommendation ITU-R M.2059 [6], from blocking perspective, it was concluded that the altimeter at height of around 20 m and a small-cell BS (without guard-band from 4.2 GHz, and acceptable interference level of -43 dBm which is almost the same as the UE in-band blocking case 2 of -44 dBm) can co-exist without filter attenuation and guard-band. Therefore, UEs operated in 3.3-3.8 GHz are not expected to have blocking interferences thanks to a guard-band of 400 MHz, and consequently attenuation to the filter characteristics at 4.2 GHz is not required.
In spite of this result, some companies may still have a concern on the blocker level for such extreme cases (airplane height of < around 20 m). For the anxiety, we have also investigated cases where filter attenuation at 4.2 GHz is swept from about 5 dB to 20 dB as shown in Table 4. As can be seen, if attenuation is forced to be ensured to some extent, insertion loss at 3.8 GHz will increase. We believe that such filter design would always lead degradation of system performance and not be realistic taking the actual blocker level into account.
Table 4: Filter characteristics in Table 2 with more information for attenuation at 4.2 GHz
	Parameter
	Frequency range
	Vendor 1
	Vendor 3

	Insertion loss

(Typ)
	3300-3400 MHz
	1.09
	0.93
	0.85
	0.81
	-
	-
	-

	
	3400-3800 MHz
	0.85
	1.01
	1.7
	4.2
	1.05
	1.23
	4.00

	Attenuation

(Typ)
	4200-4400 MHz
	5.8
	10.5
	15
	19.7
	5.74
	10.2
	20.4


Based on the above, we also have an observation below and blocking aspects should not be a justification to override the agreement.
Observation 2: LTCC filter of 3.3-3.8 GHz has little advantage for blocking from 3.8-4.2 GHz compared to that of 3.3-4.2 GHz
2.2 LNA perspective
As already mentioned in [2], in Japan, Band 42 has been already operated as LTE and 3.6-4.2 GHz will be allocated for NR in near future. Thus, simultaneous use in at least 3.4-4.2 GHz will be necessary and no restriction for DL should be specified to enable reception over the whole range of 900 MHz bandwidth taking China also into account.
Proposal 1: For intra-band contiguous DL CA in the 3.3-4.2 GHz band, more than 200MHz is possible anywhere in 3.3-4.2GHz (note: up to 200MHz is to be specified in Rel15 time frame) 

Proposal 2: For intra-band NC DL CA in the 3.3-4.2 GHz band, it should be possible to allocate the CCs anywhere in 3.3-4.2GHz.
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Figure 3: Proposed DL specification in the single band of 3.3-4.2 GHz

On the other hand, it was described in [4] that “In addition to this there is LNA frequency response which is approximately 0.2 dB worse at the band Z edges compared to band X and band Y only”. In the last meeting, another concern was triggered by this since the proponents preferring 3.3-3.8GHz may have thought their REFSENS was degraded due to the harmonization. In general, the wider LNA bandwidth increases, the worse NF becomes if the same cost and size of RF devices etc. are assumed. A similar discussion was held in [7, 8] for intra-band non-contiguous DL CA in Band 46, whose proposal (not agreed) was a relaxation to the REFSENS only when the Wgap is much wider. Our understanding is that the difficulty doesn’t come from “frequency range of the band itself” but “matching over the whole frequency range simultaneously”. If the Qualcomm’s data above [4] assumes matching for the whole 900 MHz simultaneously, the NF at 3.3-3.8 GHz could be improved with fine-turning to the lower side. Note that it has been confirmed by a device vendor that an LNA design covering the whole 900 MHz with the same NF at 3.3-3.8 GHz as that of a dedicated LNA for 3.3-3.8 GHz is feasible. Hence, we propose that the REFSENS of 3.3-4.2 GHz should be derived based on LNA performance with assumption to cover whole 900 MHz and to add a note to the REFSENS, which is “if the assigned CBW is confined within 3.3-3.8GHz, the REFSENS is improved by [0.5] dB compared to that in 3.3-4.2GHz” to mitigate both challenges on LNA design and the operators’ concern.
Proposal 3: The REFSENS of 3.3-4.2 GHz should be derived based on the LNA assumption to cover whole 3.3-4.2 GHz and the following note should be added to the REFSENS spec.

Note that: if the assigned CBW is confined within 3.3-3.8GHz, the REFSENS is improved by [0.5] dB compared to that in 3.3-4.2GHz
2.3 PA perspective
For UL side, some restrictions could be considered to allow two PA’s implementation until the state of the art technology can overcome the restriction. As already discussed in [2], we propose some restrictions as shown in Figure 3. This can be achieved by not specifying to allow to use UL contiguous transmission >200 MHz anywhere over the whole 900 MHz.
Proposal 4: Limitation of UL contiguous transmission > 200MHz including both edges of 3.6 GHz and 3.8 GHz should be assumed in the single band to allow two PA’s implementation. This can be achieved by not specifying to allow to use UL contiguous transmission >200 MHz anywhere over the whole 900 MHz.
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Figure 4: Proposed UL specification in the single band of 3.3-4.2 GHz

Also, there was a concern on additional RF component when supporting two PAs. Our understanding is, however, that there will be no additional switch even with such implementations as depicted in Figure 5. Hence, no relaxation should be introduced due to PA implementation selection. Note that additional loss due to increasing number of switch ports is negligible since many bands are already supported even now.
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Figure 5: UE architectures to show no additional switch
Proposal 5: No relaxation should be introduced due to PA implementation selection.
Another thing to be considered is HPUE proposed by some operators [9, 10]. Our understanding is that HPUE is available in the 3.3-4.2GHz band with some implementations. For example, in case a UE supports a power class 2 only in 3.3-3.8 GHz, this can be done with separate two PAs (one is for 3.3-3.8 GHz with 26 dBm, the other is for 3.6-4.2 GHz with 23 dBm) as allowed in Proposal 4. 
Proposal 6: HPUE should be available in the 3.3-4.2 GHz band.

Based on discussions above, we propose the following.

Proposal 7: The single band of 3.3-4.2 GHz only shall be specified with other proposals above as a package.
3. Conclusion

Based on the above, we observed the followings.
Observation 1: There is no IL difference between Band X and Z filters with appropriate attenuations for Band 7/41 and 5 GHz WiFi.

Observation 2: LTCC filter of 3.3-3.8 GHz has little advantage for blocking from 3.8-4.2 GHz compared to that of 3.3-4.2 GHz

And also, we propose the followings.
Proposal 1: For intra-band contiguous DL CA in the 3.3-4.2 GHz band, more than 200MHz is possible anywhere in 3.3-4.2GHz (note: up to 200MHz is to be specified in Rel15 time frame) 

Proposal 2: For intra-band NC DL CA in the 3.3-4.2 GHz band, it should be possible to allocate the CCs anywhere in 3.3-4.2GHz.
Proposal 3: The REFSENS of 3.3-4.2 GHz should be derived based on the LNA assumption to cover whole 900 MHz and the following note should be added to the REFSENS spec.

Note that: if the assigned CBW is confined within 3.3-3.8GHz, the REFSENS is improved by [0.5] dB compared to that in 3.3-4.2GHz
Proposal 4: Limitation of UL contiguous transmission > 200MHz including both edges of 3.6 GHz and 3.8 GHz should be assumed in the single band to allow two PA’s implementation. This can be achieved by not specifying to allow to use UL contiguous transmission >200 MHz anywhere over the whole 900 MHz.

Proposal 5: No relaxation should be introduced due to PA implementation selection.
Proposal 6: HPUE should be available in the 3.3-4.2 GHz band.

Proposal 7: The single band of 3.3-4.2 GHz only shall be specified with other proposals above as a package.
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