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1. Introduction

In the several previous RAN4 meetings, we were proposing to change the Maximum input level of -30 dBm for 256QAM which was captured in the approved way forward in [1]. Our proposal in [2] has, however, not yet agreed in RAN4 due to some concerns raised by vendors. In this contribution, we provide further justifications to change the Maximum input level from -30 dBm to -25 dBm.
2. Discussion
2.1. Scenario perspective 
To make maximum use of 256QAM feature, even higher SNR conditions are required compared to those required for 64QAM. Area size to achieve such SNR conditions would be quite limited in real network deployment scenario, and the 256QAM feature could be only applicable when UE is most likely closely located to eNode B. In this case, the total input level could be quite high, in particular, when both wanted signal level from the serving eNodeB and interference level from other operators’ eNode B are high.

· Observation 1: The area where 256QAM is effectively available is very close to the serving eNode B, where the total input level could be quite high, in particular, when both wanted signal level from the serving eNodeB and interference level from other operators’ eNode B are high.
Considering the above situation, it is expected that small cell deployment scenario is one of the promising ones for 256QAM use cases. Although any operating bands could be applicable to the small cell deployment scenario, it would be natural to assume that higher frequency operating bands, such as Bands 7, 22, 41, 42 and 43, are prospective bands for the small cell deployment 

· Observation 2: Small cell deployment scenario is one of the promising scenarios for 256 QAM. For this scenario, the use of higher frequency bands, such as Band 7, 22, 41, 42 and 43, could be promising candidates. 
2.2. Pass-bandwidth perspective 
In 3GPP TS36.101, the requirement of the Maximum input level of -25 dBm for LTE is common to the whole operating bands. In reality, operating bands whose pass-bandwidth are wide would receive any signals over the pass-bandwidth and the total input level may be more influenced compared to the operating bands whose pass-bandwidth is narrow since there may be more chances to receive high-level interferences from other operators’ eNodeB and/or other radio system stations which are closely located to the serving eNode B.
When we take a look at the operating bands defined in TS 36.101, it is likely that the higher the operating bands are, the wider the pass-bandwidths are. For example, Band 41 has the 194 MHz pass-bandwidth and Bands 42 and 43 have the 200 MHz one while Band 32 has the 5 MHz one. If it is assumed that all the operators’ eNode Bs in Band 42 over 200 MHz are co-located, the input level could be 10 dB higher than the case for 20 MHz channel bandwidth for LTE.

· Observation 3: In real network deployment, the operating bands whose pass-bandwidth are wide would have more opportunities to receive higher input level,  which would significantly lose the opportunities to use 256QAM feature under the relaxed Maximum input level condition. It should be noted that the operating bands whose pass-bandwidth are wide could be promising candidate bands to utilize 256QAM feature as shown in Observation 2.
2.3. Input level estimated by 3GPP specification

In the RAN4#72bis, a contribution discussing the out of band blocking requirement was submitted [3], where the interference levels on a UE victim receiver were provided and summarized in Table 1 of the contribution.

--------------------------------------------------Excerption from R4-146404-----------------------------------------------------------

Table 1: victim UE Rx blocking level at the antenna connector due to a BS blocking at 3.5GHz

	Deployment scenario
	Aggressor BS Tx output power @ARP (dBm)
	BS Tx antenna gain (dB)
	BS-UE separation (m)
	 FSPL (dB)
	UE Rx antenna gain (dB)
	Victim UE Rx power @ARP(dBm)

	Macro (WA BS)
	46
	17
	35
	74 
	0
	-11



	Micro outdoors (MR BS)
	38
	6
	5
	57.3 
	0
	-13.3



	Micro indoors (LA BS)
	24
	0
	0.5
	37.3
	0
	-13.3


-----------------------------------------------------The end of Excerption----------------------------------------------------------------

From the above Table 1, it can be seen that the assumed interference level on a UE victim receiver is much higher than the Maximum input level defined in TS 36.101. 

The above results are based on the 3.5 GHz band. If we consider the other candidate bands for small cell indicated in the Observation 2, for example, the input level for Band 41 becomes higher by around 3 dB than that for Band 42. Note that we assumed that the parameters other than FSPL for Band 42 are the same.

· Observation 4: The interferer level on a victim UE is higher than -25 dBm even when the 3.5 GHz band is assumed. The level becomes even higher for the 2.6 GHz band.
Moreover, the above Table 1 indicates that UEs cannot receive wanted signal or cannot guarantee to receive it correctly regardless of the level of blocker even if UEs are very close to the serving eNode B. We believe that both the out of band blocking and Maximum input level are quite important. For the small cell deployment scenario using quite higher frequency bands and supporting 256QAM, area very close to the eNode B may be the essential area to utilize the 256QAM feature. Relaxing the Maximum input level for 256QAM may accelerate the implementation of 256QAM feature and may reduce the cost. However, if the applicable conditions to use 256QAM are quite restricted due to relaxing the Maximum input level, such cost reduction becomes meaningless for every stakeholders including terminal vendors, chipset vendors, operators, test vendors and end users. We believe that we should avoid this unhappy lose-lose situation. 

· Observation 5: Keeping -25 dBm of the Maximum input level for 256QAM may be challenging. However, considering the applicable conditions of this 256QAM feature in real deployment scenario, relaxing the value by 5 dB would create an unhappy lose-lose situation.
2.4. Summary

To effectively use the 256QAM feature, higher SNR conditions are required. That means the available area of 256QAM would be smaller than that of 64QAM. To obtain higher SNR conditions, in principle, UEs need to be close to the serving eNode B where the received interference level into UE could be also high (Observation 1). In addition, one of the promising scenarios to use 256QAM would be a small cell deployment scenario using higher frequency operating bands, such as Band 41, 42 and 43 (Observation 2). However, the pass-bandwidths for these bands are so wide and it would more frequently receive higher input level and would significantly lose the opportunities to use 256QAM feature if we employ the relaxed Maximum input level (Observation 3). Finally, it was demonstrated that the total input level on a UE receiver is higher than what is defined in TS 36.101 even if we assumed 3.5 GHz (Observation 4). For these reasons, we propose to keep at least -25 dBm for the Maximum input level of 256QAM. Otherwise, the applicable conditions for 256QAM in real deployment scenario become quite limited. As a result, even if UEs and eNodeBs would implement the 256QAM feature with the relaxation of the Maximum input level, we may not be able to fully enjoy its effect.

Proposal: The maximum input level for 256QAM should be -25 dBm.
3. Conclusion
In this contribution, we provided further justifications why we need to keep the Maximum input level of -25 dBm for 256QAM. In summary, we obtained the following four observations and one proposal.

· . Observation 1: The area where 256QAM is effectively available is very close to the serving eNode B, where the total input level could be quite high, in particular, when both wanted signal level from the serving eNodeB and interference level from other operators’ eNode B are high.
· Observation 2: Small cell deployment scenario is one of the promising scenarios for 256 QAM. For this scenario, the use of higher frequency bands, such as Band 7, 22, 41, 42 and 43, could be promising candidates.  
· Observation 3: In real network deployment, the operating bands whose pass-bandwidth are wide would have more opportunities to receive higher input level,  which would significantly lose the opportunities to use 256QAM feature under the relaxed Maximum input level condition. It should be noted that the operating bands whose pass-bandwidth are wide could be promising candidate bands to utilize 256QAM feature as shown in Observation 2.
· Observation 4: The interferer level on a victim UE is higher than -25 dBm when the 3.5 GHz band is assumed. The level becomes even higher for the 2.6 GHz band.
· Observation 5: Keeping -25 dBm of the Maximum input level for 256QAM may be challenging. However, considering the applicable conditions of this 256QAM feature in real deployment scenario, relaxing the value by 5 dB would create an unhappy lose-lose situation.
· Proposal: The maximum input level for 256QAM should be -25 dBm.
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