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1
Introduction

Concerns regarding co-existence between lower E850 and Band 5/V were presented in [1] due to 2 MHz gap between Band 5/V UL and considering that Band 5/V has a large installed BSs. Different possible ways forward were introduced in [2]. An extension of the guard between Band 5/V and lower E850 was one of the proposals. This alternative could facilitate co-existence between these bands, but not solve it. In order to increase the guard, part of lower E850 could be taken as guard band, re-defining the lower E850 arrangement as for example 808-824/853-869MHz
Co-existence between Band 26/XXVI and lower E850 and between APAC700 and lower E850 is to be considered due to the small frequency separation between UL and DL, i.e. 2 and 3 MHz respectively. By slightly shifting the lower E850, an improved frequency separation could be obtained  and thus co-existence with Band 26/XXVI , band 5/V and APAC700 will be facilitated.

This paper has the focus on the BS and presents simulation data for Band 5/V, APAC700 and lower E850 RF filters based on the current lower E850 arrangement (806-824/851-869MHz) and a possible re-definition of it (808-824/853-869MHz) from a co-existence point of view. Simulations for Band 26/XXVI are not presented since results are expected to be “similar” to Band 5/V.  The simulation data is not optimized but gives an initial understanding of the impact of lower E850 frequency arrangement.
2 Discussion
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Figure 1. 3GPP spectrum around 850 MHz
Figure 1 shows the 3GPP spectrum around lower E850. We can observe

- Lower E850 DL is located 2 MHz away from Band 5/V and Band 26/XXVI UL 

- Frequency gap between APAC700 FDD DL/APAC700 TDD and lower E850 UL is 3 MHz. 

- There are 0 MHz separation between lower E850 DL and Band 5/V DL

- Band 26/XXVI DL and lower E850 DL have 10 MHz overlap

Two parameters are to be considered for BS co-existence between two bands. Protection from DL emissions towards UL and DL of the co-existing band (co-existence spurious emissions) and rejection from UL towards UL and DL signals of the band deployed in the same geographical area (blocking)

Co-existence spurious emissions:

The general E-UTRA/UTRA DL co-existence emissions are defined as -49 dBm/MHz and -52 dBm/MHz to protect the UL and DL of an operating band, respectively. These general limits are defined at 10 MHz from the DL operating band edge but could be different if there are bands allocated within the 10 MHz limit. For frequencies from the transmission channel up to 10 MHz from the DL operating edge, ACLR (45 dBc) is the applicable requirement for an adjacent channel and SEM otherwise.

Blocking:

The general blocking is defined as in band blocking and out of band blocking. In band blocking is usually applicable from a minimum offset from the UL channel edge up to 20 MHz the UL operating band edge. The requirements are based on interferer signal of level -43/-40 (E-UTRA/UTRA) for 6 dB degradation. Out of band blocking is defined, in general, for frequencies further than 20 MHz from the UL operating band edge and is defined as 6dB degradation for a -15 dBm blocking signal. It should be noted that in this particular case the BS would be the source for interfering  signal. In addition, ACS is the applicable requirement for an adjacent channel to the UL receiving channel and is defined as 6 dB degradation for a blocker of -52 dBm. In a more realistic scenario, 1 dB degradation is more appropriate to consider for the blocking and ACS requirements due to the fact the interference scenario is deterministic and generated by BS.
2.1
Simulation results
The simulation results are based in co-existence scenarios between:

· Lower E850 and Band 5/V 

· Lower E850 and Band 26/XXVI

· Lower E850 and APAC700 FDD

· Lower E850 and APAC700 TDD

Filter data is presented for the current lower E850 arrangement (806-824/851-869 MHz), arrangement a), and for a possible re-arrangement (808-824/853-869 MHz), arrangement b). Full band implementations are assumed.
2.1.1
Band 5/V and Band 26/XXVI
As presented in [2], the current blocking requirement for Band 5/V UL to reject a lower E850 DL carrier, @ 851-869 MHz, is ACS and/or in band blocking.  Assuming a lower E850 LTE 5 MHz carrier transmitting at the lowest DL channel at 46dBm and considering MCL=67 dB (BS-BS co-existence), 46-67=-21dBm blocker will arrive at the receiver antenna connector. The RF filter will need to attenuate -21-(-52)= 31 dB considering 6dB degradation in Band 5/V RX. In a more realistic scenario, where 1dB receiver performance degradation is allowed, the needed attenuation is about 42 dB instead.  
Band 5/V also needs to be able to reject a blocker signal from its own DL (@869 MHz), for which 90 dB attenuation is needed for 1 dB degradation in the receiver performance as well as fulfill the general out of band blocking requirement at the lowest part of the UL band (20 dB attenuation).
Legacy Band 5/V RX equipment will not be able to reject a blocking signal from lower E850 DL since the current requirements, ACS and/or in band blocking, do not require high attenuation at the frequency range where lower E850 BS will be transmitting. Therefore, site-solutions may be needed to cope with co-existence.

For Band 5/V new equipment, a possible blocker from lower E850 could be considered. The number of poles and Q values for a Band 5/V UL filter fulfilling the requirements above and assuming IL=1.8dB at the band edge are given in Table 1 considering the current lower E850 arrangement (arrangement a) and a possible re-definition (arrangement b). We can observe that the Q value is reduced to half with arrangement b), which implies a remarkable reduction on the filter size (of about 10 times) since the guard band is increased in this arrangement (from 2 to 4 MHz)
Table 1. Band 5/V UL filter for the current lower E850 arrangement and a possible shifting 

	Lower E850 arrangement
	Number of poles
	Q value

	arrangement a)
	9
	4800

	arrangement b)
	8
	2200


Band 26/XXVI UL filter has not been simulated since a similar conclusion applies.
2.1.2
Lower E850 

Lower E850 is located between APAC700 and Band 5/V (Band 26/XXVI). 

The co-existence spurious emissions towards Band 5/V UL is currently defined as -49dBm/MHz, which requires an attenuation from lower E850 TX of 43dB @849 MHz, assuming ACLR at this frequency. The emission limit towards Band 5/V DL is -52dBm/MHz @ 869MHz. This requires extra 46 dB attenuation from lower E850 DL assuming ACLR. The frequency gap between Band 5/V DL and lower E850 DL is 0 MHz, therefore such attenuation is not possible. As an assumption, we consider that 46 dB attenuation is applicable at 879 MHz (10 MHz from DL operating band edge according to the general co-existence spurious emissions).  Protection of own RX is also required (90 dB).

It was shown in [3] that a lower E850 DL filter can attenuate the transmission signal enough to fulfill co-existence spurious emissions towards Band 5/V UL with IL at the channel edge equal to 2.3dB at the lowest DL operating band edge for a 7 pole filter. However, this IL is too high in a realistic situation. This paper considers an IL of 1.3 dB instead. Table 2 shows the filter characteristics for a lower E850 DL filter fulfilling the requirements above .As in Table 1, Table 2 indicates that the Q value is reduced to half with arrangement b), i.e. pronounced filter size reduction.
Table 2. Lower E850 DL filter for the current lower E850 arrangement and a possible shifting 

	Lower E850 arrangement
	Number of poles
	Q value

	arrangement a)
	9
	5500

	arrangement b)
	8
	2700


The blocking requirements for lower E850 UL are similar but a bit more relaxed than Band 5/V UL. Lower E850 UL needs to be able to reject a blocking signal located at 3 MHz from its UL operating band edge, APAC700 (@ 803 MHz). This requires 42 dB extra attenuation, assuming ACS and 1 dB degradation. Protection against out of band blocking (20 dB) is required at 20 MHz from the UL channel edge and also protection against blockers from its own TX is also required (90dB). IL is assumed to be 1.8 dB at the channel edge. The filter characteristics are indicated in Table 3.The Q value in this case is reduced a bit less than half for arrangement b) compared to arrangement a). This is due to the fact that now arrangement a) presents 3 MHz guard from APAC700, while in Table1-2, the guard was 2 MHz from Band 5/V.

Table 3. Lower E850 UL filter for the current lower E850 arrangement and a possible shifting 

	Lower E850 arrangement
	Number of poles
	Q value

	arrangement a)
	9
	2600

	arrangement b)
	8
	1700


2.1.3
APAC700 

APAC700 FDD DL is located at a frequency gap of 3 MHz from lower E850 UL. Assuming ACLR at this frequency, the RF filter will need to attenuate the signal 43 dB @806 MHz. Protection towards its own RX is also required (90 dB). The requirements for APAC700 FDD DL are a bit more relaxed in one side (43 dB attenuation at 2 and 3 MHz guard for lower E850 and APAC700, respectively) while are much harder on the other side (46 dB.attenuation at 10 MHz for lower E850 and 90 dB for APAC700, respectively) compared to lower E850 DL. Therefore, the RF filter for APAC700 is expected to be bigger than lower E850. 
APAC700 TDD is also a challenging filter, due to the wide pass band and small frequency gap to lower E850 UL.
3
Conclusion 





Table 1-Table 3 show BS filter characteristics for Band 5/V and lower E850 considering the current lower E850 arrangement (806-824/851-869MHz) and a possible increase of the frequency gap between lower E850 and co-existing bands (e.g. by re-defining its arrangement as 808-824/853-869MHz). In all cases, we can observe that the Q values are reduced if a lower E850 re-arrangement is applied, which makes the filter size to become more feasible. Legacy Band 5/V equipment will also be positively affected by this re-arrangement. Band 26/XXVI filter charactecteristics, e.g. Q value and number of poles required, are considered to be “similar” or even a bit worse than Band 5/V (bigger filters needed). APAC700 FDD DL is comparable to lower E850 DL with a bit steeper slopes, therefore bigger volumes required.
It is important to mention that although co-existence between legacy Band 5/V BS and lower E850 BS will become easier, the interference problem is not solved and thus legacy Band 5/V equipment will be affect by lower E850 BSs and additional site solutions may be needed. 
The UE interference scenarios would also benefit from this alternative, facilititating UE-UE co-existence but similar to BS, the co-existence and interference problem would not be fully re-solved. For the UE scenarios, The UE emissions from Band 5/V and Band 26/XXVI UEs towards lower E850 DL will be lower and also the emissions from APAC700 TDD. Blocking rejection from lower E850 against Band 5/V, Band 26/XXVI and APAC700 TDD will also become more feasible.

Another possible option to facilitate BS co-existence, i.e. to fulfil spurious emissions towards neighbouring operating bands as well as to be able to reject BS blockers is to accept degradation on DL and UL performance, respectively. The same would apply to the UE. 

4
Way forward

As a way forward, it is proposed to consider a possible re-arrangement of lower E850 (e.g. 808-824/853-869MHz) to improve, but not solve, BS co-existence with Band 5/V (legacy and new equipment), Band 26/XXVI and APAC700 FDD and APAC700 TDD. This will also positively contribute to UE-UE co-existence.
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