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1 Introduction

In RAN#71 meeting it was agreed to open study on New Radio (NR) access technology [1].  It supports frequencies possibly as high as 100 GHz as considered in [2].  These high frequency ranges can use extremely large bandwidth to give very high data rates, but with it comes challenges due to fragile radio link and limited propagation.  Some analysis and description of these concerns was given in [3] discussed in RAN2#93bis, main RAN2 considerations being that high frequency procedures will require beamforming and beam tracking to have enough coverage, and many basic RAN2 functions like mobility, SI broadcast, detecting RLF, could need big changes to adapt to this.  In this paper we look at the impacts of high frequency operation to some main protocol aspects.
This paper focuses on high frequency case where beamforming is necessary, but as suggested in [4, Section 10] it could be that beam centric cases would be designed into NR air interface for general use even if HF is fully developed later.  So most of the analysis here could be applicable to a general beam centric design.
2 Discussion
2.1 Cell concept in HF
In discussion of [3] it was suggested the HF beam should not be seen as a “cell”, i.e. change of beam is not considered a handover, RRC entity in UE considers that it is served by an object larger than just one beam e.g. a TRP or several cooperating TRPs.  There could be some concept of “beam mobility” but our understanding is that it should be mainly handled by lower layers, to RRC it looks more like a non mobility reconfiguration event.
RAN1 input seems needed before RAN2 can capture decisions on beam mobility.  For this paper we assume

· In RRC changing beam by itself is not a mobility event

· RRC entity does not see currently serving beam as a serving “cell”

· HF layer has some serving “object” like a cell, at least a logical endpoint allowing interface from other network nodes.  No assumption on its exact scope, but there is some model for “the HF resources being used by the UE”.

· Radio procedures like RLM operate on this “cell” type object.

Based on discussion in RAN2#93bis it seems that most companies prefer to keep hidden from RRC the lower layer event of “beam mobility”, however defined by RAN1.  So it could be that the “cell” is a set of beams, maybe involving multiple TRPs.  RAN1 will need to define what structure is seen by the UE, such as reference signals, for this paper we attempt to be agnostic and assume RAN2 will follow what is defined in RAN1 discussion.
MAC related procedure to the match of Tx and Rx beams may need to be considered if UE forms Rx beam for better reception performance. UE may also utilize beamforming techniques for UL transmissions to enhance UL coverage, potential L2 impacts can be studied later if RAN1 conclude that UL beamforming would be specified.
2.2 Scenarios for consideration
The HF band could be deployed either standalone or as an overlay with a macro layer as considered in [1, 2].  We assume the first efforts should focus on overlay because there are more complexities to be considered for HF without macro support, as in section 2.4 below.

The macro layer could be NR or LTE, in a het-net type scenario with macro layer supporting the high frequency NR access points, see Figure 1.
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Figure 1   High frequency overlay with LTE or NR

Because of fragile radio links in HF layer, it would help with connection robustness to use the macro as an anchor layer for this scenario, whether the macro layer is LTE or NR.  It does not necessarily mean the same design for these two scenarios, though of course possible to have common approaches for simplicity, where it makes sense.

Proposal 1: Both macro+HF overlay cases are supported whether the macro layer is NR or LTE.  The amount of alignment in design of the two cases is FFS.
Notice that the figure shows an interface from macro eNB to each HF node.  It would be for RAN3 to define such interfaces but in order to have interworking, we assume for this paper that the interface supports e.g. basic procedures such as preparation/admission for a UE to the HF layer.  The logical interface might not expose the individual TRPs as in the figure, e.g. a “virtual cell” concept on HF layer could have a single endpoint.  In the case of NR overlay this interface could be the same or different as NR-only base station to base station interface.
On the other hand a deployment scenario with only HF layer(s) seems much more challenging.  Mobility i.e. change of the serving “cell” object (whatever it is) could be very frequent and has to be combined with ongoing beam tracking procedures, including from TRPs not already serving the UE.  Also if RLF is detected, the UE does not have a support layer to use for recovery, and rapid variation of radio links as shown in [3] will make RLF more frequent.  Considering these impacts, it could simplify the study to prioritise the overlay case, however this also creates some risk that new problems for the HF only case might not be discovered until later in the standards process.  So this harder case should still be kept in mind.
2.3 Interworking in overlay case
The overlay case with the macro anchor looks like carrier aggregation or dual connectivity.  From RAN2 scope perspective, in order to work from the L2/3 aspects without immediately having dependencies on the physical layer, dual connectivity, which means the macro cell as MeNB and HF layer object (e.g. TRP or “cell” type object, etc.) as SeNB, may be studied.    Many procedures then can be almost the same between LTE DC and macro+HF cases.  Configuring HF connection is similar to adding SeNB in current LTE, and so on.  
This approach would mean no layer 3 control plane with the HF as in Figure 2, which could be a good decision considering fragile radio links.  (Like in split bearer DC today, MAC control functions like scheduling would still be handled by HF.)  It also avoids idle mode on HF layer.  If the main use of HF would be a high bandwidth UP secondary link, this model is a good fit.
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Figure 2   Using HF layer similar to dual connectivity

However the macro layer has to support the RRC control plane functions for the HF layer introducing some dependency.  For example the UE might need to report measurements of HF to the macro, similar to how measurement works today.  Details of course depend on future RAN1 decisions.  But if HF measurements depend on the rapid beam tracking, having the macro always know the condition of all beams could be too much load on the macro or the macro to HF interfaces.  Changing to another HF access point, similar to changing SeNB, would be especially hard because of needing to compare the measurements.  All these details are too soon to decide now but the areas can be documented. 
Proposal 2: To define main procedures for HF, RAN2 have to look at the following:

· Measurement configuration and measurement objects for HF layer
· Signalling to configure radio resources towards HF access point as similar to SeNB (equivalent of SCG-Config)
· UE initial access to HF when it is configured

· Radio link monitoring on HF while connected there

· Mobility between HF TRPs while anchored on macro layer

· Required support from the interface between macro and HF

This list does not include procedures like reference signal measurement and beam tracking, that are assumed to belong to RAN1.  It clearly will take some time to define the whole suite of procedures, and RAN2 should be able to work from the RRC control aspects without immediately having dependencies on the physical layer.
Some issues are common to overlay case and standalone case from the list above, e.g. the same procedures such as radio resource configuration, initial access, RLM, and so on should be supported.  But it seems often simpler to support them in LF overlay, by adapting control plane procedures already used for DC.  And some simplifications could be allowed by using the anchor, such as transmitting RAR and subsequent messages on the macro layer, not on HF layer where the radio link is more fragile.

2.4 Special issues for standalone case
When standalone HF is considered there are additional impacts mainly from requiring the full control plane to work on HF link.
· Idle mode: If the UE can camp on HF layer, it needs to do detection/measurement of different beams for cell reselection, without having an active connection with the access point.  This could be difficult considering the need to direct receive beams from the UE, determine the “cell”/TRP being measured, etc. without additional information.
· Broadcast: as in [3] procedures of paging and SI broadcast would need to be defined to work on HF, and could be affected by a pattern of multiple beams used to cover the service area.  E.g. there could be a constraint between timing of paging occasions and direction of DL beams in the particular TTI and UE synchronization to this time line for the TRP would be needed (even in idle mode).
· Access: an access procedure without macro layer support is needed, e.g. the access point would have to assign resources for PRACH or equivalent, and the UE has to use them without extra coordination over the backhaul.  Because of the added latency of having these procedures on different beams, RACH procedure should be as fast as possible compared to LTE.  If it can be contention free or at least have very fast contention resolution, this should be pursued.  Some of these issues apply also in the overlay case, e.g. fast RACH procedure is always better than slow, but in standalone HF they become more critical.  On the other hand HF has some advantages like the very large bandwidth, that can help with the efficiency of access.  But using them could challenge the idea suggested at RAN2#93bis to try for a common access procedure in all layers. 
· Link fragility: Considering fast changing radio links on HF, even a short RRC procedure has more risk of having RLF or cell change before the procedure can finish.  So all control plane procedures to be used in HF layer should be as short as possible, ideally just one exchange of messages.  At least the procedures should be able to recover easily if interrupted.  And ARQ failure would be comparatively more frequent, so part of this is recovery from missed ACK when the procedure has actually completed.
· Mobility: the problems of mobility in HF only should be basically the same as in the overlay case, but they could be more critical because source and target links are both in vulnerable frequency range as well as depending on beam tracking.  It could be very normal to have what would now be considered too early or too late handover cases, not because of parameters set wrong but because of intrinsic radio situation.  So the handover approach should consider that “error” cases could be common in future, e.g. it could be needed to consider RLF recovery as a normal case of handover.  Also the other cases that we today consider as handover failure, would be more common and might need to be treated as normal.
Considering these issues for standalone HF, it seems reasonable for RAN2 to start with the overlay case as the first area of work.
Proposal 3: RAN2 should study HF cases first with macro overlay, and standalone HF would be considered later.
3 Conclusion

This document made the following proposals:
Proposal 1: Both macro+HF overlay cases are supported whether the macro layer is NR or LTE.  The amount of alignment in design of the two cases is FFS.
Proposal 2: To define main procedures for HF, RAN2 have to look at the following:

· Measurement configuration and measurement objects for HF layer
· Signalling to configure radio resources towards HF access point as similar to SeNB (equivalent of SCG-Config)

· UE initial access to HF when it is configured

· Radio link monitoring on HF while connected there

· Mobility between HF while anchored on macro layer

· Required support from the interface between macro and HF

Proposal 3: RAN2 should study HF cases first with macro overlay, and standalone HF would be considered later.

4 References
[1] RP-160671: “New SID Proposal: Study on New Radio Access Technology”, RAN#71
[2] TR 38.913: “Study on Scenarios and Requirements for Next Generation Access Technologies”

[3] R2-162251: “RAN2 aspects of high frequency New RAT”, Samsung, RAN2#93bis

[4] “Preliminary Views and Initial Considerations on 5G RAN Architecture and Functional Design”, METIS II white paper, March 2016

HF-NR
HF-NR
HF-NR
LTE or NR macro



HF
Macro

CP+UP
UP



