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1. Introduction

The study item on 900MHz for Japan and Korea was approved in RAN#52[1]. For kicking off the discussion, this contribution is intended to present outlook of A-MPR study for Band 8 in Japan. 
2. Spectrum Allocation Schemes Assumed in This Paper
There are a couple of different approaches mentioned in Japanese/Korean 900MHz SI[1] in order to keep all the possible options during the SI period. This paper focuses on the case of reusing Band 8 where a victim UE in Band 19/5 would be suffered without any aid of Tx filter of an aggressor UE. The arrangement is depicted in Figure 1.
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Figure 1. Spectrum Allocation Scheme 

As shown in [1], this paper handles 5, 10 and 15MHz CBW (Channel Bandwidth) cases. Also note that in this contribution TBW (Transmission Bandwidth) is used in the same way as in 36.101, to indicate the bandwidth of actually used RBs.
3. Conventional A-MPR
Odd order IMs (Inter-Modulation) of UE transmitter are the dominant factors of unwanted emission falling close to the used spectrum and ACLR is a figure to represent the effect. Based on two-wave approximation, IM3 (3rd order IM) will fall within the range of TBW below / above the active RBs and IM5 reach up to 2*TBW and so on. The situation is depicted in Figure 2 with the notion of n-th order ACLR (ACLRn). IM3 can be regarded as a dominant part of ACLR1 and IM5 as a main contributor of ACLR2. 
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Figure 2. Relation Between CBW, ACLRn and IMk

Currently, it is not easy to obtain specified values of ACLRs of PA, especially in Minimum/Worst values. Then following assumptions are made for ACLRs:

· ACLR1 is specified in 3GPP as -30dBc. In general, the design target of PA might be 3 - 4 dB less than the specified value. Then -33dBc is assumed for ACLR1(Min),

· Concerning slopes between adjacent ACLRs, value in W-CDMA (10dB in 25.101) is reused. Thus it is assumed ACLRn(Min) = -33 - 10(n-1) dBc.
Using these values, we estimate unwanted emission of Band 8 UE as below:

For each TBW, we check which domain of ACLR falls into 1MHz of victim band closer to the aggressor when an UE radiates max power permitted (i.e. MPR for QPSK considered). We assume that ACLR1 domains starts 0.05*CBW inward from a band edge (taking into account 5% unused part of CBW) and each ACLR domain has the length of TBW. Band gap is set to 10MHz and TBW is allocated from the edge closer to the victim band. Observations are: 
· Up to around 20 RBs(3.6MHz) TBW, the 4th or bigger order domain falls to the relevant 1MHz and no backoff would be needed.
· Between 20 to 29RBs(5.22MHz), ACLR3 falls into and about -37dBm/MHz unwanted emission is observed, (variation is caused by PSD reduction when TBW becomes broader). Max 3dB backoff would be needed to cope with Japanese requirement.
· Between 30RB(5.4MHz) to 59RB(10.62MHz), ACLR2 is the dominant factor of the unwanted emission and -29dBm/MHz emission is observed. -11dB backoff would be needed to comply to Japanese requirement.
· More than 60RBs(10.8MHz), ACLR1 falls into and -22dBm/MHz unwanted emission would be estimated. Hugh backoff (-18dB) is required to use this domain in Japan. 
For Korea, band gap is 1 MHz broader so the number of RBs for a certain ACLR might slightly be relaxed but general trend would be the same as above.

Then it can be concluded that, with Japanese regulations, A-MPR would be required for all the CBWs to be supported (5MHz, 10MHz and 15MHz) but no backoff would be required while uplink allocation is limited to 20RBs.
[Observation 1]  A-MPR would be required for all the CBWs supported,

[Observation 2]  A-MPR drawback would not be significant while uplink RB allocation is small. For larger  resource allocations, backoff value would become impractical.
4. Counter IM Issue
In addition to the situations in section 3, one RB allocation on the edge of CBW may cause strong interference. This is known as Counter IM issue.

Imperfections in carrier frequency/phase in a quadrature modulator may create image spectrum. The position of wanted signal and its image are symmetric with respect to the carrier frequency, as shown in the upper raw of Figure X. These two “signals” are mixed in succeeding amplifiers and create various IM products. IM3 goes farthest when an RB is allocated on one edge of the band: the image is generated on the other edge of the band and the relevant IM3 is appeared “roughly” CBW away from the both band edges. 
Counter IM3 would be significant in amplitude when allocated RB is the far edge of the victim band. The situation is summarized in Figure 2. Detailed analysis of this phenomenon has been done in various contributions, for example in [2].
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Figure 3. Counter IM Effect

Judging from the estimated location of counter IM3, only 15MHz CBW in Japan would be a problem. For other cases, counter IM3 would fall into somewhere in the gap.
In various contributions such as [3], [4], -60dBc of counter IM3 was assumed. Using this figure, counter IM3 would fall with (23dBm - 60dBc) = -37dBm power within specific 1MHz of Band 19. Thus at least 3dB backoff would be required to meet Japanese requirement (-40dBm/MHz) for this case. In the final form of 3GPP requirement, further backoff is likely taking other imperfections/margins into account.
Counter IM3 violating a protection requirement becomes especially harmful in the sense that uplink band edge RBs are normally used for PUCCH and backoff in control channel is directly translated into the loss of cell coverage. Note that PUCCH hops symmetric with respect to the center frequency within a TTI. To reduce the pain, “over provisioning” was proposed to allocate PUCCH resource inward spectrum, mentioned for example as option 1 of [5]. In case of 15MHz Band 8 in Japan, PUCCH should be “over-provisioned” between 901.7 – 913.3MHz for avoiding PUCCH backoff.

This scheme would also require complicated A-MPR table such as for “NS_07”to indicate RB positions/regions in addition to bandwidths subject to certain A-MPR.
[Observation 3] A-MPR for counter IM3 would be required to support 15MHz CBW for Japan. Over provisioning would be needed to avoid the coverage loss due to PUCCH backoff.
5. Summary and Conclusion
This paper discusses the outlook of the study of A-MPR in Band 8 in Japan and coarse estimations of A-MPR required. It is observed that:

a) A-MPR would be needed for 5, 10 and 15MHz CBW,

b) Penalty for A-MPR would not be significant while UL RB allocation is small. On the other hand, bigger RB allocation would require hugh backoff,
c) For 15MHz CBW, counter IM issue (and over-provisioning) should be addressed in addition to conventional A-MPRs.

Since the values used in this contribution are preliminary, simulation results reflecting actual implementation would really be required to determine finer figures for the purpose of the SI, i.e. to determine which way to take.
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