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Introduction
Efficient support for massive MIMO and very high gain antenna beamforming is likely to become a cornerstone in the design of NR. However, high gain and UE-specific beamforming requires that we know where the UE is located. And this makes it difficult to rely on high gain beamforming when distributing SI. In case we have a network which also consists of a lower frequency carrier or an LTE carrier we may consider transmitting the bulk of the SI there. But for high frequency stand-alone NR deployments those options are not available.
In order to perform initial system access the UE need to receive at least some SI and it needs to transmit a random access preamble and succeed in receiving a random access response. In this paper we discuss how to enhance the coverage of SI in challenging situations, such as high frequency band stand-alone deployments. The options of reducing the number of broadcasted bits as well as spatial repetition (also known as beam sweeping) and temporal repetition are discussed. We also discuss the options for TX and RX beamforming of the random access pre-amble as well as the random access response. 
[bookmark: _Ref178064866]Reduce the number of bits that need to be broadcasted
A very effective way to increase coverage of SI broadcast in a stand-alone NR scenario is to reduce the number of bits that we need to broadcast. This can be done in several ways, e.g. by relying on that we can replace the broadcasted SI with a more comprehensive and detailed version of SI after the initial access has been performed. 
We can also deploy various source encoding techniques (e.g. entropy encoding) on the broadcasted system information.
[bookmark: _Toc462990252][bookmark: _Toc463031171][bookmark: _Toc463031285][bookmark: _Toc464806690][bookmark: _Toc465942078][bookmark: _Toc466065722]Use of dedicated SI after initial access and entropy encoding of SI are important tools for enhancing the coverage of NR SI. 
[bookmark: _Toc462990280][bookmark: _Toc463031175][bookmark: _Toc463031282][bookmark: _Toc464806694][bookmark: _Toc466065727]RAN2 should consider various methods aiming at reducing the amount of required broadcasted SI in order to enhance coverage in challenging scenarios.
Temporal versus spatial repetition of SI
Reducing the number of bits to be broadcasted is an enabler for using various kinds of repetition for enhancing coverage even further. Repetition can be performed in the spatial domain, in the form of beam-sweeping, or in the temporal domain, in the form of transmitting the same message several times.
Temporal versus spatial repetition of broadcasted SI
Spatial repetition or temporal repetition with a factor N both results in N times better link budget. In terms of delay, the maximum delay is the same meaning that in the worst case a UE needs to wait for N time slots before it can decode the transmitted SI. 
In terms of minimum delay temporal repetition is better since UEs with good link budget only need to receive a small number of repetitions. Only the small percentile of the UEs (e.g. 5 or 10%) located on the cell edge need to receive all N repetitions before they can decode the broadcasted SI. For spatial repetition all UEs experience an average delay of N/2. 
When temporal repetition is used it is possible to improve SI acquisition time by e.g. improving the antenna on the UE, something that is not possible when we use spatial repetition.
When repeating SI in the time domain we also have the option to make use of single frequency network (SFN) transmission formats where signals from multiple nodes add constructively in the air. With spatial repetition this kind of constructive cooperation is not possible.
[bookmark: _Toc462990253][bookmark: _Toc463031172][bookmark: _Toc463031286][bookmark: _Toc464806691][bookmark: _Toc465942079][bookmark: _Toc466065723]Temporal repetition of broadcasted SI provides better performance in terms of minimum delay compared to spatial repetition (beam sweeping).
[bookmark: _Toc462990254][bookmark: _Toc463031173][bookmark: _Toc463031287][bookmark: _Toc464806692][bookmark: _Toc465942080][bookmark: _Toc466065724]Temporal repetition of broadcasted SI enables the use of single frequency network (SFN) transmission schemes.
[bookmark: _Toc462990281][bookmark: _Toc463031176][bookmark: _Toc463031283][bookmark: _Toc464806695][bookmark: _Toc466065728]RAN2 should consider a solution for broadcasted SI that enables the use of temporal repetition for at least part of the broadcasted SI.
Temporal versus spatial repetition of synchronization signals
In order to perform a proper random access pre-amble transmission, the UE needs to know both how and when to do that. The random access timing needs to be derived from some kind of DL synchronization signal. In order to enhance the coverage this signal may also use temporal or spatial repetition, and the pros-and-cons discussed for broadcasted SI also applies to required DL synchronization signals.
There is one significant difference and that is that with beam sweeping of a DL synchronization signal we enable an associated beam-sweeping of the reception processing of the UE random access pre-ambles. This is exemplified in [1] in which a UE located in the coverage area of Beam 2 receives the DL synchronization reference signals for PRACH transmissions at time instance T2 and the receiving base station is thereby able to apply RX-beamforming in a time-window that fully overlaps with the UE transmission of the random access pre-amble.
[bookmark: _Toc462990255][bookmark: _Toc463031174][bookmark: _Toc463031288][bookmark: _Toc464806693][bookmark: _Toc465942081][bookmark: _Toc466065725]Spatial repetition (beam sweeping) of synchronization signals used for deriving PRACH transmission timing enables receiver beamforming of the PRACH.
[bookmark: _Toc462990282][bookmark: _Toc463031177][bookmark: _Toc463031284][bookmark: _Toc464806696][bookmark: _Toc466065729]RAN2 should consider a solution for broadcasted SI that enables the use of spatial repetition (i.e. beam-sweeping) for at least part of the broadcasted SI.

[bookmark: _Ref462389223][image: ]
[bookmark: _Ref466065894]Figure 1: Example of beam-sweeping a synchronization signal and a MIB which enables receiver beamforming of the UE PRACH transmissions. Additional examples are provided in [1].
[bookmark: _GoBack]In the example depicted in Figure 1 the same synchronization signal (SS1) is transmitted in different beams. Associated with each transmission of the synchronization signal SS1 is a master information block (MIB1 – MIB4) which may contain different information in each beam. The reception of the SS and the MIB provides the UE with the required random access parameters, such as which PRACH timing to use as well as which PRACH pre-ambles to use. 
When beam-sweeping a synchronization signal using different timing offset in different beams there is a risk that the UE will move from one beam to another beam during a DRX cycle. That is, the UE may have acquired synchronization in one beam only to discover that when it wakes up again it cannot find the synchronization signal where it expects it. When that happens the UE may need to wait for the next beam-sweeping window to occur and then search for a synchronization signal during a full beam-sweep duration to be sure that it will detect a sync-signal. In case we would use repetition in time instead then the synchronization signal would not change its relative position as the UE moves around in a cell. Thus beam-sweeping may have a negative impact on the latency for performing initial access and on the UE battery consumption.
[bookmark: _Toc465941938][bookmark: _Toc465942082][bookmark: _Toc466065726]Beam-sweeping changes the relative time position of the system synchronization signals in case the UE moves from one beam to another during DRX. Thus beam-sweeping may have a negative impact on the latency for performing initial access and on the UE battery consumption.
Conclusion and Discussion
In this paper we have discussed the pros and cons of spatial and temporal repetitions of broad-casted system information (SI) and DL reference signals used for deriving PRACH transmission timing. We conclude that for SI distribution ordinary temporal repetition provides lower minimum delay than spatial repetition (beam sweeping). Temporal repetition also enables UEs with improved receivers to receive SI quicker. Furthermore, temporal repetition of SI can be used together with single frequency network modulation.
We also concluded that spatial repetition of DL synchronization signals used for deriving random access timing enables receiver beamforming of random access pre-ambles.
Both temporal and spatial repetition of system information have benefits and we should aim for a standard that allows both types of repetition principles. In order to enable repetition (in time or space domains) when needed RAN2 should also consider mechanisms that reduced the need to broadcast system information, such as on-demand SI and compression of broadcasted SI.
In this paper we have made the following observations: 
Observation 1	Use of dedicated SI after initial access and entropy encoding of SI are important tools for enhancing the coverage of NR SI.
Observation 2	Temporal repetition of broadcasted SI provides better performance in terms of minimum delay compared to spatial repetition (beam sweeping).
Observation 3	Temporal repetition of broadcasted SI enables the use of single frequency network (SFN) transmission schemes.
Observation 4	Spatial repetition (beam sweeping) of synchronization signals used for deriving PRACH transmission timing enables receiver beamforming of the PRACH.
Observation 5	Beam-sweeping changes the relative time position of the system synchronization signals in case the UE moves from one beam to another during DRX. Thus beam-sweeping may have a negative impact on the latency for performing initial access and on the UE battery consumption.

Based on the discussion and observations presented we propose the following:
Proposal 1	RAN2 should consider various methods aiming at reducing the amount of required broadcasted SI in order to enhance coverage in challenging scenarios.
Proposal 2	RAN2 should consider a solution for broadcasted SI that enables the use of temporal repetition for at least part of the broadcasted SI.
Proposal 3	RAN2 should consider a solution for broadcasted SI that enables the use of spatial repetition (i.e. beam-sweeping) for at least part of the broadcasted SI.
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