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1
Introduction
During the last RAN4 meeting, the two proposal on lower E850 re- arrangement were discussed, i.e. 1MHz [1] and 2 MHz [2] shift. However, no agreement was reached. The discussion was brought to RAN plenary in RAN#55 in [3] and the issue was requested to be solved within RAN4.
This is a revision of R4-121807.
2 Discussion
Interest on Lower E850 or Band 27 is increasing. Until now, RAN4 has been focused on the use of this band in Latin America. But other regions, as Asia, seem to be interested on this band. Therefore, we should consider lower E850 as a global band. Figure 1 shows the spectrum around 800 MHz considering this assumption.
 



Figure 1. 3GPP spectrum around 800 MHz

When discussing the frequency arrangement of lower E850, and keeping in mind that this as a global band, we need to take into account:
· Band 5/V is a legacy band and there is a large number of installed base stations in the field. Maintaining performance in legacy bands when new bands are introduced is important.

· Avoidance of unfeasible hardware due to small frequency gap between UL-DL when new band are introduced.

· Implementation should not be restricted by 3GPP requirements

· Lower E850 will be used in many regions where Band 5/V is already deployed
· Lower E850 will be used in some regions where APAC700 will also be allocated

· CEPT report 19 studies the compatibility between FDD and TDD (B7 and B38) and concludes that 5 MHz separation between bands is needed for co-existence
2.1
Studies on co-existence between lower E850 and Band 5/V, 26/XXVI and between lower E850 and APAC700 in RAN4

It has been indicated that BS co-existence between lower E850 and Band 5/V is challenging, specially from Band 5/V UL since the requirements applicable to the legacy band do not consider a high possible interference, i.e. ACS is the current requirement [2], [4]. A lower E850 BS may then block a legacy Band 5/V BS. The hardware impact to allow co-existence between lower E850 and Band 26/XXVI has been highlighted in [2]. 
It has also been recognized the difficulties for BS co-existence between lower E850 and APAC700 [2], [5]. More in detail, APAC700 UL is studied in [5] and it is indicated that From implementation point of view, it is hard to meet the required attenuation requirements for the full bandwidth duplexer using current technology. We would like to notice that 3GPP is a global standard which should not impose any specific implementation.  
2.2
1 MHz vs 2 MHz shift – Co-existence simulations
When introducing a new band, it is important to consider the hardware impact in the introduced bands as well as in the bands around such spectrum, legacy and new bands under standardization. This is not something new in 3GPP since this is been done on the UE side. Bands have been until now far enough from each other so that the hardware from the BS, e.g. filters, was not affected by the proximity in frequency between bands. When considering the standardization of lower E850 we are in an unprecedented situation regarding the frequency gap between a new band and a legacy band  (lower E850 and Band 5/V) and also between new bands (lower E850, Band 26/XXVI and APAC700).
In the following sections we study the hardware impact on lower E850, Band 5/V or 26/XXVI and APAC700 by looking at the IL degradation considering a normalized filter size which fits a BS cabinet for 1 and 2 MHz shift of lower E850. We assume that the bands are deployed in the same geographical area, i.e. co-existence. In case of co-location between the bands, the impact on the hardware is much more severe. The simulation requirements are the following:

· BS UL protection

· 42 dB extra attenuation for protection against a BS DL signal assuming a BS transmitting at 46 dBm and ACS as the applicable requirement for the BS UL at such frequency, 6 dB receiver degradation for a -52dBm blocker level. 1dB performance degradation is considered in the receiver as a more realistic scenario.
· 90 dB extra attenuation to reject a blocker from its own DL

· 20 dB extra attenuation 20 MHz far from the UL operating band to fulfill the general out of band blocking requirement
· BS DL emissions

· 43 dB extra attenuation for UL protection of a co-existing band, assuming -49dBm/MHz as the UL protection limit and ACLR as the applicable requirement for the BS DL, i.e. 45dBc

· 46 dB extra attenuation for DL protection of a co-existing band, assuming -52dBm/MHz as the DL protection limit and ACLR as the applicable requirement for the BS DL, i.e. 45dBc

· 90 dB extra attenuation to protect its own UL
Simulations do not consider temperature variation which may further increase the IL degradation, both in band and at the band edge. The later will be larger.
2.2.1
Lower E850 and Band 5/V, 26/XXVI

There are currently systems in the frequency spectrum where lower E850 is intended to be allocated, 806-824/851-869 MHz. However, protection requirements for Band 5/V UL against such blockers have been out of the scope of 3GPP and the issue has been solved on a case-by-case basis. Figure 2 shows a Band 5/V UL filter considering the current 3GPP applicable requirements to this band (black curve) and also protection from lower E850 blockers at 852 (blue curve) and 853 MHz (green curve). The three filters are about the same size, the black and blue curve represents an 8 pole filter with Q=3000 and the green curve corresponds to a 9 pole filter with Q=2600. It can be observed that there is almost no attenuation from a current 3GPP compliant Band 5/V UL filter (black curve) at 852 MHz, while this is a bit larger at 853 MHz but still not enough to reject a blocker from lower E850. 
Considering possible new BS equipment that includes minimum rejection against a lower E850 blocker signal and assuming the same normalized filter size as the current Band 5/V UL filter, the IL at the band edge increases by 0.4 and 1.1 dB for rejection towards lower E850 at 853 and 852 MHz, respectively, compared to current Band 5/V BS which are 3GPP compliant. This is also applicable to Band 26/XXVI UL.
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Figure 2. Current Band 5/V UL and Band 5/V UL for co-existence with lower E850 
Simulations for lower E850 DL filter (8 poles and Q=3200) including attenuation to limit the emissions towards Band 5/V, 26/XXVI UL for co-existence are shown in Figure 3. It can be seen how the IL at the band edge is about 0.4dB larger when lower E850 is defined from 852 MHz than when this starts at 853 MHz.
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Figure 3. Lower E850 DL for co-existence with Band 5/V, Band 26/XXVI 

2.2.1
Lower E850 and APAC700

APAC700 FDD DL requires a 12 pole, Q=2700 and 11 pole, Q=2900 when lower E850 is defined from 807 (black curve) and 808 MHz (blue curve), respectively, while keeping the same normalized filter size. The IL at the edge is then about 0.4dB higher when lower E850 starts at 807 MHz than 808 MHz.
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Figure 4. APAC700 FDD DL for co-existence with lower E850 

Lower E850 UL filter, 8 pole and Q=2600, is shown in Figure 5. The IL at the band edge is around 0.4 dB higher when lower E850 starts at 807 MHz compared to 808 MHz.
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Figure 5. Lower E850 UL for co-existence with APAC700

2.3
1 MHz vs 2 MHz shift – Co-location

As we have seen in chapter 2.2, co-existence becomes more challenging when lower E850 is defined from 807/852 MHz than when this is defined from 808/853 MHz. Considering co-location, which is in practice a common requirement to re-use existing sites, the attenuation required from the filters is much more stringent and consequently the impact on filter complexity, size and performance. 
Band 5/V legacy equipment which is 3GPP compliant does not include any rejection towards a blocker at 852 MHz, this increases at 853 MHz although not enough. The IL at the band edge for new Band 5/V UL equipment, Band 26/XXVI UL as well as lower E850 DL/UL and APAC700 FDD DL would get performance penalties when lower E850 starts at 807/852 MHz compared to 808/853 MHz. Considering co-location, this degradation will be more significant.
3
Conclusion 








By shifting the lower E850 by 1 or 2 MHz:
· 3GPP compliant Band 5/V legacy BS do not include any rejection against lower E850 blockers. The only applicable requirement for Band 5/V UL is protection from its own TX, which translates into no rejection at 852 MHz while some attenuation at 853 MHz. 
· Considering a normalized filter size and comparing the required filters for Band 5/V UL, Band 26/XXVI UL, APAC700 DL and lower E850 UL/DL for such size, the IL is higher for all bands when lower E850 is defined from 807/852 MHz compared to 808/853 MHz.
Co-location is even more challenging than the case studied in this contribution. 

4
Way forward

Considering the impact on legacy Band 5/V BS and also the hardware impact when introducing lower E850, we feel that an increase of the frequency gap between co-existing bands is needed. We strongly recommend the adoption of 2 MHz shift of lower E850, i. e 808-824/853-869 MHz. Note that this is not just a problem for lower E850. When introducing new bands in 3GPP, we need to minimize the impact on legacy bands as well as the hardware feasibility of such band and the bands around it considering that 3GPP is a global standard.
Shifting lower E850 by 2 MHz will allow current 3GPP compliant Band 5/V BS to include certain rejection towards this blocker. This shifting will also improve the performance for lower E850, Band 5/V, 26/XXVI and APAC700 for a reasonable filter size when such bands are co-existing.
2 MHz shift will also facilitate co-location between lower E850, Band 5/V, 26/XXVI and APAC700 while this will be extremely challenging by 1 MHz shift

Narrowband systems, such iDEN, could still be deployed 806-808/851-853 MHz while LTE will be defined as 808-824/853-869 MHz.
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