3GPP TSG-RAN WG4 (Radio) Meeting #62bis                                                             R4-121333
Jeju, Korea, March 26 – 30, 2012
Source: 
ZTE
Title: 
Discussion on harmonics and intermodulation distortion caused by the initial scenario band 8+band 20 for MB-MSR
Agenda Item:
6.24
Document for:
Discussion
1  Introduction

A new WI about MB-MSR(Multi-Band MSR) had been approved at RAN55 meeting[1], The work will focus on the following steps:

1. Develop the framework of the RF requirements for MB-MSR BS, using band 20 + band 8 as an initial scenario. 

2. Identify additional deployment scenarios and band combinations for MB-MSR BS.
3. Define the MB-MSR BS based on common transmitter and/or receiver RF chain for the multiple bands. 

4. Creation of core requirements for MB-MSR BS for FDD for all the identified deployment scenarios and band combinations with an initial focus on the completion of requirements for band 20 and band 8.

5. The existing per band requirement should be maintained wherever possible.

In this paper, we investigate the impact of harmonics and InterModulation Distortion(IMD) products caused by the initial scenario band 20+band 8 for MB-MSR.
2 Discussion
It can be seen from [1] that the MB-MSR base station can support both multi-band(MB) and MSR(including contiguous and non-contiguous) through a common radio for some adjacent bands. In[2],two possible different kinds of realization for MB-MSR had been discussed, one kind is to have separate antenna connectors for different bands and the other is to have a common antenna connector for different bands. 
From the WI information, using band 8 +band 20 as an initial scenario to develop the framework of the RF requirements for MB-MSR, table 1 shows the frequency range of band8 and band 20:

Table 1. Frequency range of band8 and band 20
	E‑UTRA Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high

	8
	880MHz  -  915MHz
	925MHz   -   960MHz

	20
	832MHz  -  862MHz
	791MHz   -   821MHz


From the table 1, we can see both of the DL operating band channel bandwidth(FDL_high - FDL_low) of band 8 and band20 larger than its duplex gap distance(FDL_low – FUL_high), as discussed in [3], there may exist the potential Passive intermodulation(PIM) problem generated by BS antenna path (including antennas, cables and connectors) for each band is non-contiguous operating. Moreover, if the DL RF channel bandwidth of each band larger than half of duplex distance (FDL_low – FUL_low), the PIM products will fall into its own receive band which may degrade receive sensitivity. Table 2 shows the potential 3rd PIM product for band 8 and band 20, respectively.
Table 2: Potential 3rd PIM product for band 8 and band 20, respectively
	BS DL carriers
	Band 8 DL
	Band 20 DL

	
	f1-low
	f1-high
	f2-low
	f2-high

	DL frequency (MHz)
	925
	960
	791
	821

	3rd order PIM products 
	(2*f1-low – f1-high)
	(2*f1-high – f1-low)
	(2*f2-low – f2-high)
	(2* f2-high – f2-low)

	IMD frequency limits (MHz)
	890
	995
	761
	851


As can be seen from table 1, if assumes the BS is transmitting with the whole 35 MHz DL frequency of Band 8 and the whole 30 MHz DL frequency of Band 20, the PIM produces will fall into the receiver band, shown in figure 1. 
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Figure 1 PIM products of BS is transmitting with the whole frequency band
Additional, if decreasing BS DL transmission RF channel bandwidth, the PIM produces can be avoid falling into its own receive band, shown in figure 2:
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(b) PIM products in Band 8

Figure 2 PIM products with decrease BS DL transmission RF bandwidth

As we can seen from figure 2, if we decrease the BS transmission RF bandwidth, which is restrict the maximum BS DL transmission RF bandwidth smaller than 22.5MHzfor band 8 and 20.5MHz for band 20, the PIM products will not fall into the receive channel bandwidth.
Thus for the MB-MSR realization with separate antenna connectors for these two bands in case of each band is non-contiguous operation, potential Passive InterModulation(PIM) problem should be considered, and if each band is contiguous MSR operation, no internal PIM produces fall into receive channel bandwidth are foreseen because of using the separated antenna for each band.
For the MB-MSR realization with sharing antenna connectors for these two bands, the PIM issue become moere complex, especially for both of the two bands are non-contiguous operation, because the PIM produces not only include the case discussed above, but also include the interact of the two bands. We only consider the 2nd and 3rd order harmonic and intermodulation product because the 2nd and 3rd order produces are considered the most damaging to wireless systems, the results calculated shown in table 3: 
Table 3: harmonic and intermodulation products caused by band 8+20 sharing one antenna
	BS DL carriers
	f1-low
	f1-high
	f2-low
	f2-high

	DL frequency (MHz)
	925
	960
	791
	821

	
	
	
	
	

	2nd harmonics frequency limits (MHz)
	1850
	1920
	1582
	1642

	3rd harmonics frequency limits (MHz)
	2775
	2880
	2373
	2463

	
	
	
	
	

	2nd order IMD products 
	(f1-low – f2-high)
	(f1-high – f2-low)
	(f1-low + f2-low)
	(f1-high + f2-high)

	IMD frequency limits (MHz)
	104
	169
	1716
	1781

	
	
	
	
	

	3rd order IMD products 
	(2*f2-low – f1-high)
	(2*f2-high – f1-low)
	(2*f1-low – f2-high)
	(2* f1-high – f2-low)

	IMD frequency limits (MHz)
	622
	717
	1029
	1129

	
	
	
	
	

	3rd order IMD products 
	(f1-low – f2-high + f2-low)
	(f1-high + f2-high – f2-low)
	(f2-low – f1-high + f1-low)
	(f2-high + f1-high – f1-low)

	IMD frequency limits (MHz)
	756
	856
	895
	990


As we can seen from table 3, the 2nd  and 3rd  harmonic products caused by BS supporting  MB-MSR of band8+20 may fall into the BS receiver bands of band 24 and band40, and the 2nd  and 3rd  IMD products  may fall into the BS receiver bands of band 3,4,8,9,10,12,17,18,19 and 20, although the harmonic and IMD products can be avoid by proper BS and duplexer design, or the external filter in some cases. However, for this antenna sharing scenario the new issue of PIM raised by sharing antenna need to be considered.
From the above discussion, there may exists PIM problem for Band8+20 combination for MB-MSR with the two kind realizations, however, the PIM issues should consider both BS and antenna, even including the site installation quality and external environment.[5~7] have already discussed the PIM issue caused by sharing antenna, and[4] had also discussed this issue and raised some more attentions from operators. It seems that the PIM issue is out of the approved MB-MSR WI scope. Additional, there is another new SI[8] to discuss the PIM problem, which including how to test the PIM properly and conclude on reasonable new PIM-related requirements for the BS etc, thus for the PIM issue could be left to the PIM SI under discussion. So it is suggested that when we develop the framework of the RF requirements for MB-MSR BS, the PIM issue caused by any band combinations should not be considered. 
3 Conclusion

Two possible realizations may be applied to MB-MSR, one is to have separate antenna connectors for different bands and the other is to have a common antenna connector for different bands. For the initial band8+band20 combination, based on our analysis above, there may exists PIM issue for the case of MB-MSR supporting NC-MSR in each band with separate antenna connectors and the PIM products will fall into the receiver channel bandwidth when the DL transmission RF channel bandwidth larger than the half of the duplexer distance. For sharing antenna connector, the 2nd  and 3rd harmonic products caused by BS supporting MB-MSR of band8+20 may fall into the BS receiver bands of band24and band40, and the 2nd and 3rd IMD products may fall into the BS receiver bands of band 3,4,8,9,10,12,17,18,19 and 20.
Additional, it is suggested that when we develop the framework of the RF requirements for MB-MSR BS, the PIM issue caused by any band combinations should not be considered.
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