3GPP TSG-RAN WG4 Meeting #82bis
R4-1703547
Spokane, US, 3 – 7 April, 2017
Source: 
Huawei, HiSilicon
Title: 
Consideration on the TR improvement for the Rel-15 basket CA
Agenda Item:
14
Document for:
Approval
1 Introduction
Basket CA approach has been used from R13 to R14. Carrier aggregations work was a big work load in RAN4 both for the meeting time and the study. Several good improvements such as framework, reusing low order requirements, etc have been used to reduce the unnecessary work. However, we still can see hundreds of TPs at each meetings. For the numerous TPs, some of content may not be interesting to companies, but some of them may be too simple to include the technical background. Therefore, although the CA TR is a huge TR, there’s not much useful background or not very valuable for the readers now.
This contribution provides some consideration on how to improve the CA TP in R15.
2 Discussion of BS specific

It is typical for BS that different RF modules are used for different bands. Thus, the categories of inter-band CA combinations for BS can be divided by the use of separate antennas or common antenna. As the conclusion in [1], for low and high band combinations, no BS requirements should be changed since separate antenna for each band is used in these scenarios. For H/H and L/L band combinations where common antenna may be used, it is necessary to consider the effect of harmonics and intermodulation products. Based on the analysis in [2], harmful effects caused by intermodulation products mainly derived from the not stringent enough PIM specification of antenna path. The test results in [3] show that PIM level in antennas can be as low as −110 dBm with the transmitted power of 43 dBm, which is quite lower than transmitter spurious emissions requirements from [4]. Also, a method achieving almost 24 dB reduction of system PIM is proposed in [5], which is possible by using standard commercially-available components. Based on our analysis above, the antenna path can meet stringent PIM specification so that the PIM will not cause receiver desensitization. Although the test or research in the paper is in the state of the prototype, it is anticipated that this kind of PIM technique is achievable.  Thus, from this point of view, the analysis towards the sharing antenna issues among the bands can be considered as an implementation issue and should be removed from the TR 
In CA Rel-14 technical report, main work of BS specific discussion is BS co-existence study. For each CA combination, the harmonics and IMD products are evaluated, then which bands of BS receiver may be interfered by these products are identified. The conclusion of such co-existence study is based on current frequency bands arrangement. However, geographical area and frequency limit of bands arrangement shall be adjusted to meet updated communication requirement. As the frequency bands arrangement is not steady, the conclusion of BS co-existence study can become unvalued in near future. On the other hand, BS co-existence study is not necessary for specifying BS requirement in TS 36.104. 
After considering above discussion, it is proposed not to include BS co-existence study for each CA combination in CA technical report.
Proposal 1: BS co-existence study for band combinations shall be excluded in CA technical report.
3 Discussion of UE specific

1.1 UE co-existence for CA 
For xDL/1UL
For xDL/1UL band combinations, if the co-existence analysis for BS is excluded, then the left issues will include harmnic and harmonic mixing. 
For xDL/2UL
Inter-band CA combinations with uplink carriers operating in more than one band may cause IMD and harmonics products that have impact on the own Rx or other system. So the frequency range of IMD and harmonics products needs to be analyzed and measured to determine the RefSens or protected bands. The requirements for the specified CA configurations for coexistence with protected bands are given in Table 6.6.3.2A-0 in 36.101. In order to cover the specific requirements in TR, a table for the specified CA combination coexistence requirements just as Table 6.6.3.2A-0 in 36.101 shall be proposed in TR.
Proposal 2:The table for band coexistence for uplink inter-band CA as shown in Table 6.6.3.2A-0 in 36.101 shall be covered in 2DL/2UL TR.

1.2 UE requirements relaxation for CA 
Nowadays, many TPs for the basket CA are lack of technical analysis, just listed the proposed the requirements. It'll be very difficult to track the history discussion and the TR content is not very valuable because it's the same with spec. 
For example, due to the harmonic mixing problem in typical receiver design, low-band desensitization need to be considered when high-band UL carrier is located at 2nd or 3rd harmonic of low-band DL carrier[7]. This kind of detailed technical analysis shall be captured in the TR for better tracking the requirement specification process. 
On one hand, further investigation can follow previous determination process of UE requirements relaxation. For instance, because of the resemblance of UL frequency compositions among several CA combinations, it is proposed to use the same MSD value already defined to maintain the consistency in specifications [8]. Then, the derivation or reference of specific requirements values shall be presented in TR to make the proposal for requirements easier to verify.

On the other hand, additional consideration is required for further investigation besides previous discussion, such as architecture for TDD-TDD 2UL proposed in [9] and harmonic mixing problem leading to self-desensitization for class A2 CA [7]. Such additional consideration can be quite informative for further study as reference. Therefore, it is reasonable to include detailed discussion in TR. 
Proposal 3: The reference from the fallbacks or detailed analysis for the UE requirements relaxation shall be captured in the TR.
4 Conclusion
In this contribution, we discussed several BS and UE issues that should be covered in CA technical report.

Proposal 1: BS co-existence study for band combinations shall be excluded in CA technical report.

Proposal 2:The table for band coexistence for uplink inter-band CA as shown in Table 6.6.3.2A-0 in 36.101 shall be covered in 2DL/2UL TR.

Proposal 3: The reference from the earlier studies or detailed analysis for the UE requirements relaxation shall be captured in the TR.
In the Annex, we use the 2DL/2UL CA TR as an example to capture the proposals, as the 2DL/2UL TR has most items, for other xDL/xUL TR, the items or skeleton can be adjusted by referring to the 2DL/2UL TR.
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Annex. Proposed text for TR36.714-02-02: 2DL/2UL Carrier Aggregation 
 6.x
CA_xA-yA
6.x.1 
Operating bands for CA

Table 6.x.1-1: Inter-band CA operating bands for CA_x-y
	E-UTRA CA Band
	E-UTRA

Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex Mode

	
	
	BS receive / UE transmit1
	BS transmit / UE receive
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_x-y
	x
	
	–
	
	
	–
	
	

	
	y
	
	–
	
	
	–
	
	


6.x.2 
Channel bandwidths per operating band for CA

Table 6.x.2-1: E-UTRA CA configuration and bandwidth combination sets for CA_x-y
	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	Uplink CA configurations (NOTE 4)
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Maximum aggregated bandwidth

[MHz]
	Bandwidth combination set

	CA_xA-yA
	CA_xA-yA
	x
	
	
	
	
	
	
	
	

	
	
	y
	
	
	
	
	
	
	
	


6.x.3 
Co-existence studies
Table 6.x.3-1 lists Bx+By 2UL CA 2nd and 3rd order harmonics , harmonics mixing and 2nd, 3rd, 4th and 5th order IMD for the UE-to-UE coexistence analysis. 

Table 6.x.3-1: Band x and Band y UL harmonics and IMD products
	Harmonic Mixing

	UE DL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	DL frequency (MHz)
	 
	 
	 
	 

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

	2nd harmonics frequency limits (MHz) 
	–
	–

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

	3rd harmonics frequency limits (MHz)
	–
	–

	Harmonic & IMD

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	 
	 
	 
	 

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

	2nd harmonics frequency limits (MHz) 
	–
	–

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

	3rd harmonics frequency limits (MHz)
	–
	–

	Two-tone 2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	–
	–

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + 1*fy_high|
	|2*fy_low + 1*fx_low|
	|2*fy_high +1* fx_high|

	IMD frequency limits (MHz)
	–
	–

	Two-tone 3rd order IMD products
	|2*fx_low – 1*fy_high|
	|2*fx_high – 1*fy_low|
	|2*fy_low – 1*fx_high|
	|2*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	–
	–

	Two-tone 3rd order IMD products
	|fx_low – maxBW_y|
	|fx_high + maxBW_y|
	|fy_low – maxBW_x|
	|fy_high + maxBW_x|

	IMD frequency limits (MHz)
	–
	–

	Two-tone 4th order IMD products
	|3*fx_low +1* fy_high|
	|3*fx_high + 1*fy_low|
	|3*fy_low + 1*fx_high|
	|3*fy_high + 1*fx_low|

	IMD frequency limits (MHz)
	–
	–

	Two-tone 4th order IMD products
	|2*fx_low +2* fy_high|
	|2*fx_high + 2*fy_low|

	IMD frequency limits (MHz)
	–
	–

	Two-tone 4th order IMD products
	|3*fx_low –1* fy_high|
	|3*fx_high – 1*fy_low|
	|3*fy_low – 1*fx_high|
	|3*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	–
	–

	Two-tone 4th order IMD products
	|2*fx_low –2* fy_high|
	|2*fx_high – 2*fy_low|

	IMD frequency limits (MHz)
	–

	Two-tone 5th order IMD products
	|4*fx_low + 1*fy_high|
	|4*fx_high + 1*fy_low|
	|4*fy_low + 1*fx_high|
	|4*fy_high + 1*fx_low|

	IMD frequency limits (MHz)
	–
	–

	Two-tone 5th order IMD products
	|3*fx_low + 2*fy_high|
	|3*fx_high + 2*fy_low|
	|3*fy_low + 2*fx_high|
	|3*fy_high + 2*fx_low|

	IMD frequency limits (MHz)
	–
	–

	Two-tone 5th order IMD products
	|4*fx_low – 1*fy_high|
	|4*fx_high – 1*fy_low|
	|4*fy_low – 1*fx_high|
	|4*fy_high – 1*fx_low|

	IMD frequency limits (MHz)
	–
	–

	Two-tone 5th order IMD products
	|3*fx_low – 2*fy_high|
	|3*fx_high – 2*fy_low|
	|3*fy_low – 2*fx_high|
	|3*fy_high – 2*fx_low|

	IMD frequency limits (MHz)
	–
	–


Based on the UE coexistence analysis above, Table 6.x.3-2 specifies the requirements for CA_xA-yA for coexistence with protected bands.
Table 6.x.3-2: Requirements for uplink inter-band carrier aggregation, 2UL Bx + By
	E-UTRA CA Configuration
	Spurious emission 

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	CA_xA-yA
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


When inter-band CA UE is operating with other systems such as WiFi, Bluetooth and GNSS system, the harmonics and intermodulation products can have impact on these systems. Table 6.x.3-3 lists if up to 3rd order harmonics and IMD up to 5th order falls into one of these receiving bands.
Table 6.x.3-3: 2UL Bx + By harmonic and IMD for ISM and GNSS bands

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	
	
	

	Galileo
	1559
	-
	1591
	
	
	

	GLONASS
	1591
	-
	1610
	
	
	

	GPS
	1563
	-
	1587
	
	
	

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	
	US/Europe
	

	
	2400
	-
	2494
	
	Asia
	

	ISM band
 (5GHz)
	5150
	-
	5925
	
	US
	

	
	5150
	-
	5350
	
	Europe
	

	
	5470
	-
	5725
	
	
	

	
	5150
	-
	5825
	
	Asia
	


6.x.4 
∆TIB,c and ∆RIB,c values

For inter-band CA_x-y, the (TIB,c and (RIB,c values are shown in table 6.x.4-1 and in table 6.x.4-2.
Furthermore, derivation or detailed discussion of (TIB,c and (RIB,c shall be given in this clause. If the determination of (TIB,c and (RIB,c follows previous study, the reference shall be presented in this clause. If additional discussion besides previous study is needed, the detailed discussion is expected in this clause.
Table 6.x.4-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_x-y
	x
	

	
	y
	


i
Table 6.x.4-2: ΔRIB,c 

	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_x-y
	x
	

	
	y
	


6.x.5 MSD
If UE requirements relaxation is necessary, values of MSD and sources of MSD are shown in Table 6.x.5-1. 
Furthermore, derivation or detailed discussion of MSD shall be included in this clause. If the investigation of MSD follows previous process method, the derivation of MSD will be presented in this clause. If additional consideration is required for this specific CA combination, detailed process of identifying MSD will be provided in this clause.

Table 6.x.5-1: MSD analysis for xxx
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode 
	Source 

	EUTRA CA 
Configuration 
	EUTRA band 
	UL Fc 
(MHz) 
	UL/DL BW 
(MHz) 
	UL 
CLRB 
	DL Fc (MHz) 
	MSD 
(dB) 
	Duplex mode 
	

	CA_xA-yA 
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