
3GPP TSG RAN WG3 Meeting #91bis
R3-160777

Bangalore, India, Apr 11th - 15th, 2016
Source:
CATT 
Title:
Interworking between LTE and 5G NR
Agenda Item:
10.3.2
Document for:
Discussion and Decision
1. Introduction
In the RAN#71 meeting, the SID “Study on New Radio Access Technology” was approved. One of the objectives in the SID is following:
· Tight interworking between the new RAT and LTE 
In this paper, we provide an initial analysis on this issue.
2. Discussion
Considering that LTE has already provided wide coverage and there is less available spectrum in lower band, it is very likely that the initial deployment of NR (New RAT) is on higher bands at hotspots and is used for extreme traffic capacity and data rates. 

For early introduction of NR, non-standalone NR can be developed in the first step. The characteristics of non-standalone NR are not supporting idle mode mobility or system information broadcasting, and as a result cause small impact to existing core network and S1interface.
Tight interworking with LTE is needed to enable the non-standalone NR. Four potential architectures supporting non-standalone NR are analyzed in the following sections. These are:
· CA like architecture, 
· DC 1A like architecture, 

· DC 3C like architecture, 
· LWA like architecture.
2.1. 4G-5G Carrier Aggregation
In this architecture, evolved LTE eNB and 5G NR AP (Access point) are integrated into one network AP, and the 5G cells are used as supplementary air interface resources to 4G cells. A UE can connect to both 4G and 5G cells via CA technology, with one 4G cell working as PCell. In this solution, the 5G NR can be transparent to the core network. 
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Figure 1 Architecture of 4G-5G Carrier Aggregation
Observation 1: 4G-5G CA (with one 4G cell working as PCell) causes no impact to S1 interface.
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Figure 2 Uu protocol stack of 4G-5G Carrier Aggregation
On Uu interface, a common evolved RRC need to be developed to support 4G-5G CA. According to current CA mechanism, Carriers are only visible below the MAC layer, hence only the LTE MAC needs to be enhanced, e.g. define new procedure for HARQ entity in support of 5G NR.
Observation 2: Evolved RRC and MAC are needed to enable the 4G-5G CA (with one 4G cell working as PCell).
2.2. 4G-5G Dual connectivity

In this architecture, evolved LTE eNB and 5G NR AP are connected with non-ideal backhaul, and the 5G cells are regarded as supplementary air interface resources to 4G cells. A UE can connect to both 4G and 5G cells via DC technology, with one 4G cell working as MeNB. In DC 3C solution, the 5G NR has no direct interface with the CN, i.e. the 5G NR is transparent to the core network. In DC 1A solution, the 5G NR only has user plane connection with CN. That means 5G NR can be considered transparent to the core network only if it reuses the GTP tunnel technology as per legacy S1-U and legacy S1-U is used as the interface between non-standalone NR and CN 
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Figure 3  Architecture of 4G-5G DC (3C)                      Figure 4 Architecture of 4G-5G DC (1A)  
Observation 3: When DC 3C architecture is adopted, 4G-5G DC (with 4G eNB working as MeNB) causes no impact to S1 interface.
Observation 4: When DC 1A architecture is adopted, 4G-5G DC (with 4G eNB working as MeNB) causes no impact to S1 interface only if 5G NR AP reuses the GTP tunnel technology as per legacy S1-U.
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Figure 5 Uu protocol stack of 4G-5G DC (3C)         Figure 6  Uu protocol stack of 4G-5G DC (1A)  
According to the current DC mechanism, there is only one RRC entity which is responsible for the configuration of both MeNB and SeNB in UE side. Therefore, an evolved RRC needs to be developed in support of configuration of 5G NR specific features.  
Observation 5: 4G-5G DC (with 4G eNB working as MeNB) needs to enhance RRC in support of configuration of 5G NR specific features.
In the DC 3C architecture, the 5G NR AP exchanges data with the PDCP layer of 4G eNB, hence a common PDCP is necessary to enable this architecture. The PDCP layer may need to be enhanced to support 5G NR.
Observation 6: The 4G-5G DC 3C architecture (with 4G eNB working as MeNB) may need to enhance PDCP layer to support 5G NR.
2.3. LWA like architecture
In this architecture, evolved LTE eNB and 5G NR AP are collocated or connected with non-ideal backhaul, and the 5G cells are regarded as supplementary air interface resources to 4G cells. A UE can connect to both 4G and 5G cells via LWA technology, with 4G eNB working as MCG. 
According to the current mechanism, the LWA and DC 3C technologies share many characters in common. For example, the supplementary RAT is connecting to CN via 4G, and is transparent to CN. 
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Figure 7 LWA like architecture for 4G-5G interworking   

Observation 7: When LWA like architecture is adopted, 4G-5G interworking (with 4G eNB working as MeNB) causes no impact to S1 interface.
Another main common characteristic is that the convergence points in user plane of the two technologies are at the PDCP layer of MCG, which is illustrated in the following figure. Hence similar as DC, a common PDCP is necessary to enable this architecture. The PDCP layer may need to be enhanced to support 5G NR.
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  Figure 8 Uu protocol stack of LWA like architecture for 4G-5G interworking

Observation8: When LWA like architecture is adopted, the PDCP layer may need to be enhanced to support 4G-5G interworking (with 4G eNB working as MeNB).
The main difference of the two technologies is that the control signaling from MCG and SCG can only be transferred from MCG in DC while the control signaling from LTE and WLAN can be transferred via their own air interface in LWA. Hence, when LWA-like architecture is adopted, one UE would have two RRC entities, corresponding to LTE and NR separately. Some common functions, such as mobility control is performed by the LTE RRC.
Observation9: When LWA like architecture is adopted, two RRC entities in UE can be expected, one RRC for LTE, the other for 5G NR. 
The characters of different tight interworking architectures are summarized in the following table.
	
	CA like architecture
	DC 1A like architecture
	DC 3C like architecture
	LWA like architecture

	Impact to interface between RAN and CN
	No
	No impact in case 5G NR AP reuses the GTP tunnel technology
	No
	No

	Impact to 4G Uu interface 
	RRC and MAC need to be enhanced to support the feature of NR
	RRC needs to be enhanced to support the configuration of 4G and NR
	RRC needs to be enhanced to support the configuration of 4G and NR 
PDCP may need to be enhanced to support NR.
	Two RRC entities in UE is expected, one for LTE, the other for 5G NR.
PDCP may need to be enhanced to support NR.

	Interworking degree*
	Very tight
	Tight
	tight
	Less tight


Note*: Generally speaking, the tighter interworking between 4G and NR results in  less specification work in NR. However, this also means NR has to reuse more features, protocol layers defined for LTE, which may prevent the NR from achieving high performance.  Hence, over all pros and cons should be taken into account when deciding on architecture options for 4G-5G interworking.
Proposal: Take the above discussion points into account when deciding on architectures options for 4G-5G interworking.
3. Conclusion
For early introduction of NR, non-standalone NR can be developed in the initial deployment of NR. Tight interworking with LTE is needed to enable non-standalone NR. Four potential architecture options supporting non-standalone NR (i.e. CA like architecture, DC 1A like architecture, DC 3C like architecture and LWA like architecture) are analyzed in this paper, and the characteristics of different tight interworking architecture options are summarized in the following table: 
	
	CA like architecture
	DC 1A like architecture
	DC 3C like architecture
	LWA like architecture

	Impact to interface between RAN and CN
	No
	No impact in case 5G NR AP reuses the GTP tunnel technology
	No
	No

	Impact to 4G Uu interface 
	RRC and MAC need to be enhanced to support the feature of NR
	RRC needs to be enhanced to support the configuration of 4G and NR
	RRC needs to be enhanced to support the configuration of 4G and NR 
PDCP may need to be enhanced to support NR.
	Two RRC entities in UE is expected, one for LTE, the other for 5G NR.

PDCP may need to be enhanced to support NR.

	Interworking degree*
	Very tight
	tight
	tight
	Less tight


Note*: Generally speaking, the tighter interworking between 4G and NR is, the less specification work in NR is. However, this also means that NR has to reuse more features/ protocol layers defined for LTE, which may prevent the NR from achieving high performance.  Hence, over all pros and cons should be taken into account when deciding on architecture options for 4G-5G interworking.
Proposal: Take the above discussion points into account when deciding on architectures options for 4G-5G interworking.
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