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Abstract of the contribution: This paper provides further evaluations about SAE architecture harmonisation issues, which were started with PDCP location discussion. 
1. Introduction

During SA2#56 it was raised up that the SA plenary guidance on the SAE architecture enables network deployments with different location of the UPE. The location of PDCP was identified as having a key role in the deployment alternatives. During the related discussion is was unanimously stated that from the business and industry perspective it is clearly beneficial to have standardised LTE/SAE where RAN-Core network interface and preferable also CN implementation options are avoided. In this document SAE/LTE architecture harmonisation issues are further evaluated concentrating on the PDCP location and on the rest of UPE functions with the aim of reducing network deployment options.
2. Discussion

General

According to the current SAE architecture the UPE may be standalone or it may be combined with MME, with SAE-GW or with eNB. Combining the UPE with the eNB results in a function allocation between RAN and CN that is different compared to the other three options and creates therefore an alternative RAN-CN interface. In the interest of a single RAN-CN interface this option should be avoided.

The PDCP functionality seems the main UPE functionality that causes interest in combining UPE with eNB. A compromise for allocation of PDCP may need to be found to avoid alternative RAN-CN interfaces. In case of re-considering the allocation of PDCP also the other so far agreed UPE functions should be evaluated. I.e. the allocation of the inter eNB anchor function and the functionality of the user plane idle state termination and paging trigger have to be considered. 
PCDP location
PDCP entity comprises user plane ciphering and header compression for user plane. In the current SAE architecture the PDCP is located in the UPE as part of core network functions. Allocation of PDCP at UPE in the Core Network based on preferences from SA3 about security functions. However, as discussion during SA2#56 showed, the UPE and thereby the PDCP function may be allocated to eNB as an implementation option. Allocating PDCP function to eNB is considered as a compromise for a unique function allocation between RAN and CN. 

From earlier liaisons with SA3 it can be concluded that PDCP can be located in the RAN side if there is reasonable solution in security point of view. More specific information about whether there are any prohibitive security aspects is expected in the reply liaison from SA3.
The other PDCP function, the header compression ROHC, is expected to improve radio resource efficiency in the same way as if allocated at CN. ROHC contexts may be transferred or will restart quickly after eNB changes. The ROHC context transfer or restart happens also during inter system mobility, which might have a frequency similar to eNB changes, so that ROHC context transfer or restart should have quite limited effects on services and radio resource efficiency. In case compression is intended for the S1 link a separate compression entity for the transport link may be used.

It should be noted that the allocation of the PDCP does not impact the NAS signalling security functions in the MME.
User plane termination in the idle state
User plane termination in the idle state is clearly one important function in the UPE, which is needed in the evolved packet core even if PDCP function is in the eNB. Idle state user plane termination triggers paging when downlink packets arrive. The downlink packets may be buffered. The idle state user plane termination function is the main remaining UPE function when the PDCP is allocated to the eNB. It seems inefficient to have a standalone entity for this. This function should be collocated with MME or SAE-GW. The allocation should also consider harmonisation with related pre-SAE access functionality. It is not useful to allocate that functionality to eNB. In this case the eNB would need to page via multiple eNB and also via other 3GPP access systems or would have to interact with the CN of other access systems. Furthermore it might require redundant idle state termination in the CN to handle eNB error cases. The allocation of the idle state user plane termination is discussed further in a separate paper. 
Inter eNB anchor function
The inter eNB anchor is the third of the UPE functions described in the SAE TR. The inter eNB anchor may be on a standalone UPE or combined with MME or SAE-GW. When PDCP moves to eNB a standalone UPE would merely contain inter eNB anchor and idle state user plane termination functions. Such a standalone UPE seems inefficient. Combining the inter eNB anchor function with the MME creates two user plane nodes on the data path. Combining the inter eNB anchor with the SAE-GW creates a single user plane node on the data path and combines all anchor functions in a single entity. This combination simplifies the architecture as it avoids individual relocation for two user plane entities. This is advantageous especially for the inter PLMN and inter region relocation cases where the user plane functions like inter operator charging or legal intercept have to be relocated and the anchor functions should also be relocated.

Interface between SAE gateways
Allocating all UPE functions to other SAE entities does not create any limitations for the mobility scenarios. PDCP allocated to eNB does not impact relocation of CN entities besides of some potential PDCP context transfer. Allocating idle state user plane termination to MME would create an S4 like interface instead of an S5a between MME and SAE-GW. If allocated to SAE-GW and also the inter eNB anchor allocation to SAE-GW avoid any need for a dedicated S5a interface. As a result for the case of user plane function relocation there is an SAE-GW relocation that is aligned with the roaming case and the interface functionality is similar to roaming interface S8.

Influence on MME functionality

The allocation of PDCP to eNB may gain from longer active state durations at S1 compared to PDCP in CN to reduce the number of PDCP restarts. This would reduce the number of transitions between idle and active state and increase the number of concurrent S1 contexts in eNB and MME. So basically the S1 traffic model might slightly change. In addition it could be useful to store some PDCP context information during idle state in the MME. Apart from this there is no influence on the MME from allocating the UPE functions to other network entities.
SAE QoS bearer model
The allocation of the PDCP to the eNB enables other SAE modifications, specifically modifications of the SAE QoS bearer model. The eNB becomes aware of the user IP packets and might have IP packet specific functionality. The allocation of the PDCP to the eNB does not require any IP packet specific eNB functionality. Also the allocation of the other UPE functions to other network entities does not require such functionality. The basic reason for reconsidering PDCP allocation, an implementation of the UPE in the eNB, would not change the QoS bearer model. The potential modification of the SAE bearer model that might be enabled by allocating PDCP to the eNB is evaluated in a separate paper.

3. Conclusion

Allocating PDCP to eNB is feasible and can be considered as a means to reduce network deployment options that would result in RAN-CN interface alternatives. In addition the UPE functions idle state user plane termination and inter eNB anchor should be allocated to other network entities for a unified functional allocation at the RAN-CN interface. The idle state user plane termination function should be allocated to the MME or to the SAE-GW. The inter eNB anchor should be allocated to the SAE-GW. The interface for relocating user plane functions in non-roaming case should be harmonised with the roaming interface S8. The allocation of the PDCP to the eNB does not require any modifications of the SAE QoS bearer model.
It is proposed to discuss and adopt the conclusions to reduce the number of network deployment options.
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