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1
Introduction

As stated in the WID[1], one of the objectives is to introduce two new wider BS channel bandwidths for band n28, shown as following.

Introduce 30MHz and 40MHz BS channel bandwidth.

In the last meeting, companies concened that some RF requirements need to be considered for the new adding BS channel bandwidth, especailly for 40MHz. Hence in this contribution, we give some discussions on the BS-BS co-existence for the new wider channel bandwidth band n28.
2
Discussion

Actually, the co-existence with nearby 3GPP band for LTE band 28 have been already studies when LTE band 28 was introduced in LTE spec under the WID of APAC700. The co-existence studies are captured in TR36.820[3]. Since the LTE band 28 is the refarming band of NR band n28, so the BS-BS co-existence analysis are the same, and also most of consensus for  LTE band 28 co-existence studies can also be applied to NR band n28 although the max. BS channel bandwidth for LTE band 28 is 20MHz.
Similar with Co-existence with nearby 3GPP bands in TR36.820, Fig.1 shows the 3GPP spectrum around band n28.
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Fig 1. 3GPP spectrum around band n28
It can bee seen from Fig.1, there are some 3GPP bands close to band n28 DL. In general, the RF front end RF components such as RF filter are designed as full Tx bandwidth of the band, regardless the supported channel bandwidths in the bands. However, considering the duplexer gap between UL and DL for some FDD bands (such as band n28), also some other BS band are very close, in such case in order to maintain not only the protection for its own Rx band, but also protect the other closed band (i.e. BS-BS co-existence), the RF filter design with full band bandwidth may become very difficult. 

2.1  Co-existence with band 5/X/n5 UL, band 26/XXVI UL, band 18 UL and band 19/XIX UL
In TR36.820, the co-existence between APT700MHz FDD (i.e. LTE band 28) with some nearby 3GPP bands have been studied, the consensus are cited as follow:

BS-BS co-existence between Band 5/V and APT700 is not an issue 

BS-BS co-existence between Band 26/XXVI and APT700 is not an issue

BS-BS co-existence between Band 18 and 19/XIX and APT700 is achievable.

It shall be noted the above consensus are achieved regardless the supported channel bandwidth. Hence the above consensus can be applied for band n28 co-existence with these bands, which means there are no BS-BS co-existence issues to introduce 30MHz and 40MHz for band n28 co-existence with the above nearby 3GPP bands.

Obversation 1. BS-BS co-existence between band n28 and Band 5/n5/V, Band 26/XXVI, Band 18 and 19/XIX and APT700 are not an issue for 30MHz and 40MHz channel bandwidths are introduced for band n28.
2.2  Co-existence with band 27 UL
The challenge for the BS filter design for band n28 co-existence with band 27 UL is only 4MHz frequency seperation between band n28 DL and band 27 UL, meanwhile the duplexer gap is only 10MHz. The following case is considered for BS to BS coexistence issue.

Band n28 BS TX OOBE  ( Band 27 BS Receiver

It shall be noted that for band 27 BS Rx requirement, such as ACS and in-band blocking, the consensus in TR36.820 can be applied where the band 27 Rx filter can provide enough attenuation to fulfil ACS and in band-blocking regardless the supported channel bandwidth of LTE band 28.
The spurious emission requirement for co-existence with BS operating in band 27 is -49dBm/MHz [3]. Assuming ACLR1 and ACLR2 are equal to 45dB, and the BS output power for 40MHz is 49dBm, the BS RF filter will need to attenuate 37dB (49-10log(40)-45-(-49) =37dB). 

In addition, the BS TX filter should be able to provide enough attenuation in order to protect its own UL. The BS spurious emission for protection of the BS receiver is -96dBm/100kHz, which required attenuation for BS Tx filter is 74dB (49-10log(400)-45-(-96) =74dB), the same attenuation is required for BS co-location case.

Fig 2 gives an example for the Tx filter simulation for band n28 with full bandwidth (i.e. 45MHz).
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Fig 2. Ex. 45MHz bandwidth implemention for band n28 Tx filter
It can be seen that the attenuation in band 27 UL range is about 23dB, which is less than 37dB, means it will cause BS-BS co-existence problem. However, the attenuation in its own Rx is about 105dB, which is large than 74dB, so protection for its own Rx can be guaranteed. In this case, if we want to optimize the attenuation in band 27 UL range, then the attenuation in its own Rx will be decreased. Hence it is hard to provide enough attenuation at both 807MHz and 748MHz for the full bandwidth filter, the consensus is aligned with [4].

2.2.1 30MHz BS channel bandwidth 
Therefore, in order to co-existence with band 27 UL, some solutions shall be needed. In [4], sub-band Tx filter solution as an example was used, where the sub-band Tx filter simulation with 30MHz Tx bandwidth was given. According to the results, it can provide enough rejection at both 807MHz and 748MHz for the sub-band filter with 30MHz Tx bandwidth.

Hence in TR36.820, for BS-BS co-existence bet`ween LTE band n28 and band 27, the consensus are cited as follow:
Regarding the BS co-existence issues between  APT700 MHz and lower E850 bands, filter capability is an important factor. From the investigation R4-122788, it can be concluded that there exists possible solutions to solve the co-existence issues between lower E850 and APT700. Lower E850 Rx filter can provide enough attenuation to fulfil ACS and in band-blocking. By using certain specific solutions, sub-band filters as an example, APT700 can protect lower E850 UL with the standard level of -49dBm/MHz.

Therefore, the protect power level of -49dBm/MHz can be achieved by using certain specific solutions, sub-band filters as an example, also shown in TS38.104 as follow.

Table 6.6.5.2.3-1: BS spurious emissions basic limits for BS for co-existence with systems operating in other frequency bands (cited from TS38.104)
	System type for NR to co-exist with
	Frequency range for co-existence requirement
	Basic limits
	Measurement bandwidth
	Note

	E-UTRA Band 27
	852 – 869 MHz
	-52 dBm
	1 MHz
	This requirement does not apply to BS operating in Band n5.

	
	807 – 824 MHz
	-49 dBm
	1 MHz
	This requirement also applies to BS operating in Band n28, starting 4 MHz above the Band n28 downlink operating band (Note 4).

	E-UTRA Band 28 or NR Band n28
	758 – 803 MHz
	-52 dBm
	1 MHz
	This requirement does not apply to BS operating in band n20 or n28.

	
	703 – 748 MHz
	-49 dBm
	1 MHz
	This requirement does not apply to BS operating in band n28, since it is already covered by the requirement in subclause 6.6.5.2.2. 


NOTE 4:
For NR Band n28 BS, specific solutions may be required to fulfil the spurious emissions limits for BS for co-existence with E-UTRA Band 27 UL operating band.
2.2.2
40MHz BS channel bandwidth
Since 40MHz will also be introduced for band n28 according to the WID. Hence it need to check if it is also feasible to use sub-band Tx filter solution with 40MHz Tx bandwidth to guarantee the co-existence issue with band 27 UL.
The simulation of sub-band filter with 40MHz Tx channel bandwidth is given in Fig3. It shall be noted the simulation here is just for an example.

With the similar assumption of the full bandwidth, the Q value adopted in the simulations is 2800 and the max.IL is about 1.5dB. From the simulation result in Fig3. it can provide enough attenuation at both 807MHz and 748MHz for the full bandwidth filter. 

In addition, the calculation here is assume the ACLR=45dB, which is flat ACLR is assumed in the adjacent channel. In reality,  the ACLR @ 4MHz offest from band n28 DL edge is usually better than 45dB, which makes the feasibility to further optimize the filter performance meanwhile achieve the attenuation at 807MHz.
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Fig 3. Ex. sub-band filter(40MHz bandwidth) implemention for band n28 Tx filter
Therefore, similar with 30MHz Tx bandwidth sub-band Tx filter solution, by using sub-band Tx filter with 40MHz Tx bandwidth solution, the band n28 can also protect band 27 UL with the standard level of -49dBm/MHz, and the current NOTE4 in the spec can be applied. 
Obversation 2. By using sub-band filter (40MHz Tx bandwidth) solution, the Band n28 can protect band 27 UL with the standard level of -49dBm/MHz.

For the co-location case, the consensus in TS36.820 are cited as follow:
For co-location case, the attenuation requirement is stricter than that in co-existence scenario. To ensure APAC700 BS meet the requirement, besides improving the APAC700 BS RF TX filter rejection, additional isolation should be achieved through site engineering e.g. increasing antenna isolation during deployment.

It can been that although the attenuation requirement for co-location requirements are stricter than co-existence scenario, by using some implemetation methods, the co-location requirements can also be achieved.
In addition, considering the initial deployment scenario for the wider channel bandwidth (expecially for 40MHz BS channel bandwidth) is in China, only adjacent 3GPP band of band 5/V/n5 is considered for BS-BS co-existence, according to the above analysis, no BS-BS co-existence between band n28 with band 5/V/n5 are foreseen.
3
Conclusion
In this paper,  we provide some analysis on BS-BS co-existence issues between band n28 with some close 3GPP band, expecially band 27 UL. Based on the fitler similation results we given, by using certain specific solutions, sub-band filters (40MHz Tx channel bandwidth) as an example, band n28 can protect band 27 UL with the standard level of -49dBm/MHz.
Based on the investigation above, the conclusions are summarized as follow:

Obversation 1. BS-BS co-existence between band n28 and Band 5/n5/V, Band 26/XXVI, Band 18 and 19/XIX and APT700 are not an issue for 30MHz and 40MHz channel bandwidths are introduced for band n28.
Obversation 2. By using sub-band filter (40MHz Tx bandwidth) solution, the Band n28 can protect band 27 UL with the standard level of -49dBm/MHz.

In addition, considering the initial deployment scenario for the wider channel bandwidth (expecially for 40MHz BS channel bandwidth) is in China, only adjacent 3GPP band of band 5/V/n5 is considered for BS-BS co-existence, according to the above analysis, no BS-BS co-existence between band n28 with band 5/V/n5 are foreseen.
The above analysis are also proposed[5] to add into TR 38.888[6]. 
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