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1 Introduction

Beam based access technique is an effective mechanism to address the coverage issue for radio access in NR and it has been discussed intensively during last meeting. The following agreements [1] have been made according to the discussion   

· RAN1 studies both multi-beam based approaches and single-beam based approaches for these channels/signals/measurement/feedback

· Initial-access signals (synchronization signals and random access channels)

· System-information delivery 

· Multi-beam based approaches

· In multi-beam based approaches, multiple beams are used for covering a DL coverage area and/or UL coverage distance of a TRP/a UE

· Single-beam based approaches

· In single-beam based approaches, the single beam can be used for covering a DL coverage area and/or UL coverage distance of a TRP/a UE, similarly as for LTE cell-specific channels/RS

In this contribution, we present our views on beam based access procedure and corresponding channel design.

2 Beam based channel access 
2.1 General views on multi-beam and single-beam transmission schemes

In NR, access schemes should be designed to cover different scenarios and different assumed capabilities of the TRP and UE. In a lower frequency network of NR, DL coverage area and/or UL coverage distance of a TRP/UE can be covered by a single beam. In a higher frequency case, however, due to the large path loss, channel/signal transmission heavily relies on highly directional links. In this case, multiple beams are required to cover the DL coverage area and perform initial access, which is called multi-beam based approach. Anyway, the initial access procedure, from the UE perspective, should be unified as much as possible for multi-beam or single-beam based approaches [2].
In terms of synchronization signal (SS) design, the beam-forming capabilities of the TRP ultimately decide how these TRP specific signals within a hypercell [3] can be transmitted to all possible UEs in the coverage area.  The design and the resulting worst case latency, however, also need to take into account the beam-forming capability of the UE. Some UEs may only have a limited number of receivers and may need to listen to successive synchronization cycles with different receiver beams to fully acquire the best spatial, frequency and time point. Other UEs may have multiple receivers (and thus are capable of receiving in different beam directions at the same time) and will therefore be able to acquire synchronization faster. 

Depending upon the beam-forming capability of the TRP, it may be able to transmit synchronization signals in one direction, multiple directions or indeed in all possible directions at the same time. It is obvious that, in theory, transmitting in as many different directions at the same time will lead to a shorter synchronization time. However this depends on how the final regulations for maximum transmitted power by the TRP (i.e., effective isotropic radiated power (EIRP)) are set by the regulators, as transmitting in all directions at the same time may lead to a reduced transmission power per beam.
For beam based initial access channels/signals, the following issues should be considered in NR system design:
· Overhead for multi-beam based approach
· Reliability with beam based transmission

· TRP/UE complexity
In the following sections, several multi-beam scanning methods will be discussed and the corresponding views will be provided.

2.2 Sequential beam scanning 

In NR, TRPs which can only form one beam at one time will need to cycle through a set of directional beam patterns, one at a time, named as beam scanning with time division multiplexing (TDM) manner as shown in Fig.1. These multiple beams can be designed to cover different angular sub-ranges and, in the meanwhile, jointly span the whole angular space or the angular range of interest. Such a scheme is the simplest way of beam scanning and does not necessarily need to transmit a distinct sequence in each of the beam directions to represent this direction (i.e., beam ID is not needed), since the beam ID (or the beam direction) can be identified by a UE when the frame has a unique time difference between beams transmitted in the same direction.
The TDM scheme is applicable for any beamforming type including analog beamforming, hybrid beamforming and digital beamforming. It can be performed as shown in Fig.1. 

Wherein, the transmission time granularity for channel/signal of each beam can be symbol level (one or multiple symbols) or subframe level. As the number of scanned beams increases, the beam scanning time for these initial access channels/signals also becomes large.
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Fig. 1 Sequential beam scanning in time domain
Proposal 1: Multi-beam scanning in TDM should be supported as a start point approach in NR. In this case, beam identification can be provided by the timing information, thus beam identification does not need to be encoded in the synchronization sequence.
2.3 Frequency multiplexed multi-beam transmission 

In NR, TRPs which have digital or hybrid (digital and RF) beam-forming capability will be able to transmit multiple synchronization beams in different directions at the same time over different frequency sub-bands (called FDM scheme).  In this way, multiple beams scanning can be finished in one transmission time. 
However, the reduced scanning time consumption of the FDM scheme is achieved at the cost of increased number of synchronization signals to be detected at the UE, which, respectively, lead to a fold increase in the detection complexity. Additionally as mentioned before, depending upon how the final TRP transmission power is set by the regulators, increasing the number of frequency multiplexed synchronization beams transmitted by the TRP beyond a certain limit may not lead to a performance gain, if the transmission power of each transmitted beam needs to be reduced. On the other hand, the maximum number of sub-bands which can be used for this scheme should be limited by the minimum bandwidth of the UE (which is not yet specified).
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Fig. 2 Illustration of frequency multiplexed multi-beam transmission
2.4 Code multiplexed multi beam transmission

In NR, TRP which have multiple RF chains available during the synchronization time period is also able to transmit different beam directions for synchronization at the same time and frequency (called CDM scheme). To enable these different beam directions to be distinguishable, a sequence for each beam direction will need to be transmitted by the TRP.  

Such a simultaneous multi-beam synchronization signal transmission has the advantages of lower overhead, higher time efficiency compared to sequential beam scanning and higher timing accuracy compared to frequency multiplexed multi-beam transmission. By assigning a distinct synchronization signal to each directional beam, one can build up a one-to-one mapping between the synchronization signals and the angular sub-ranges. The UE with multi-beam reception capability can also adopt multiple properly designed beams to simultaneously collect the received signals and perform parallel correlation detection of all the multi-beam synchronization signals. Thus the UE can achieve time/frequency synchronization upon successfully detecting any one of these synchronization signals. In addition, the UE can compare the received power levels of all successfully detected synchronization signals and, through their indexes, acquire the angular information of the channel. This simultaneous multi beam synchronization signal transmission is illustrated in Fig. 3 below. 

[image: image3.emf]
Fig. 3 Illustration of simultaneous multi beam synchronization signal transmission
Similar to FDM, the CDM scheme also brings an increased detection complexity, and needs to share the transmit power among beams that leads to a reduced power for each beam. Moreover, as the number of simultaneous beams increases, the sequence design for the beams (especially the cross-correlation properties) become more critical as multiple beams (and their respective sequences) could be received by the UE at the same time.
Proposal 2: Multi-beam scanning in FDM/CDM should be considered as complementary to TDM in NR.
2.5 Combination of the above

The schemes above can be combined in different ways. Two solid examples are as follows:

1) Simultaneous multi-beam transmission with sequential beam scanning in time (2.2 + 2.4)

If the TRP can perform digital or hybrid beamforming, but does not have enough RF chains to support simultaneous transmission in all the possible beam directions at the same time, the TRP can rotate the subset of the transmitted beams in a sequential fashion to cover all of the possible directions as shown in Fig. 4.
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 Fig. 4 Illustration of TRP sequentially rotating sub-sets of multiple beams in time

TRP could transmit K beams at one time, whereas UE could receive J beams at one time. The train time for K simultaneous TRP beams could be one or several OFDM symbols. In one beam training period, TRP tries NK beams, whereas UE try J beams. Assuming that TRP only needs to try NK beams, and UE needs to try MJ beams, the worst training time of the beam alignment for TRP and UE is M beam training periods.

In this way, the complete angular space can be covered and the time overhead for synchronization can be much lower than if one beam was active at one time and sequentially scanned. 
2) Simultaneous multi-beam transmission in time and frequency with sequential beam scanning (2.2 + 2.3 + 2.4)
In additional to the above described combination in 1), different beam directions can also be multiplexed in the frequency domain to further alleviate the critical sequence design. An example of this is shown below in Fig. 5.
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Fig. 5 Illustration of TRP rotating sub-sets of multiple beams (in time and frequency, N sub-bands)
Proposal 3: Combination of the TDM/FDM/CDM multi-beam scanning to support initial access should be carefully studied by taking into account the beam-forming capabilities of TRP and UE in NR. Furthermore the performance of these different schemes needs to be analyzed in terms of

· Time needed for acquiring reliable synchronization
· Expected transmission overhead

· UE complexity 
3 Access Procedures 

The access procedure depends on the network deployment scenario:

1) NR operates at both lower frequency (e.g. sub-6 GHz) and higher frequency, and the TRPs in lower frequency of NR can assist a higher frequency TRP to finish the access procedure for NR. This deployment is referred to as “LF-assisted HF”. In this case, it is assumed that the UE has already achieved coarse synchronization to the LF-TRPs and been connected to the lower frequency network. The following steps can be performed:

 [image: image6.emf]
Fig. 6 Illustration of access procedure in LF-assisted HF case
From Fig.6, we can see that UE performs the random access after it obtains UL access preamble from LF overlay, it may exploit some narrow beam scanning to increase the SNR at the TRP side. In other words, the training and random access can be done at the same time, where UE should transmit the random access information in each narrow beam. TRP will have multiple receptions for the UE’s narrow beams and detect which narrow beam is the best for UE. Therefore, in the following step, TRP will additionally inform the result to UE. UE should use the narrow beam for transmission and reception since then.
2) In NR, HF frequency network can be operated in a standalone manner. In this case, the procedure should pursue the common design with LF-assisted HF as much as possible, especially cell search, synchronization and MIB/SIB delivery.
In order to strive for a tradeoff between latency and overhead of multiple beamformed control plane channels/signals (e.g. synchronization signal and system information) for different scenarios, a gradual on-demand transmission by beam ON/OFF can be considered, which named MBC (Multiple Beamforming for Control) as shown in Fig.7. In the scheme, two type beams with different periodicity are transmitted, one is to carry always-on synchronization signals/MIBs/SIBs with a long term periodicity for all UEs in different states (e.g., Idle/Connected/New State). Based on these always-on beams, the other shorter periodicity beams are to perform on-demand system information delivery by beam ON/OFF, which can be derived by the detection of beamformed SS.
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Fig. 7 Illustration of MBC procedure 
The illustration of beam ON/OFF procedure can be found in Fig. 8. UE resolve the preferred beam index and report it to eNB. Based on UEs’ feedback, unused beam 1, beam 3 and beam 5 are turned off. In the following procedure, beamformed system information (e.g. SIB1/SIB2) is transmitted just with the selected beams. Therefore, for multi-beam based approach, on demand system information delivery based on UE’s beam discovery procedure is suggested to reduce overhead. The duty cycle for synchronization signal and broadcast channel can be scalable accordingly.
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Fig. 8 Illustration of On-demand SIB delivery with beam ON/OFF
Proposal 4: In NR, initial access procedure for both HF standalone and LF-assisted HF deployment should strive for a common design as much as possible (e.g., cell search and synchronization). 
4 Access Channels Considerations
4.1 Synchronization signals 
Similar to synchronization signals in LTE, the basic functionality of synchronization signals in NR is still to perform time/frequency synchronization and cell search, even if the transmission of synchronization signals is performed over different beams in NR. In order to guarantee a high timing accuracy and low false alarm probability, the sequence used for synchronization signal should have a good auto-correlation property. From UE side perspective, however, it is not preferable to have to detect different synchronization sequences at different times, especially for TDM manner between beams. That is because the time resource mapping of synchronization signals can implicitly indicate the beam-related information for TDM beams. In this case, transmitting multiple synchronization sequences would increase the detection complexity from UE side. Therefore, one should strive to use the same synchronization sequences (at least for PSS) over different beams at different symbols of one subframe, as shown in Fig. 1. Furthermore, a relatively wide beam with power boosting can be applied to transmit SS and broadcast channels, in order to reduce the number of symbols for beam sweeping. The actual beam steering direction at each symbol depends on implementation and can be controlled by the network.
Furthermore, for FDM manner between beams, from TRP perspective it is simpler to use the same sequences over different beams in different sub-bands within an OFDM symbol. As mentioned in section 2.5, this manner can simplify the sequence design compared to CDM manner. Meanwhile, in this case, it should be noticed that UE has to exploit different time-domain synchronization signal to perform timing detection. Thus, this way has similar detection complexity as CDM manner.
On the other hand, for CDM manner between beams, multiple synchronization sequences are simultaneously transmitted from a TRP. UEs need try to detect all of these synchronization sequences from the same received time-domain signal(s). Hence these multiple sequences for synchronization signals should be carefully designed with good cross-correlation properties so as to guarantee a high probability of separation at the UE. Otherwise, the UE may detect one synchronization signal at an incorrect time delay hypothesis from the received signal containing another synchronization signal, which in turn leads to both false alarm and wrong direction of departure (DoD) information.
Proposal 5: Whether different beams carry the same or different synchronization signals should be studied for synchronization signal design by taking into account UE detection complexity and good auto-/cross-correlation property.
4.2 Broadcast channel 
In this section, we will concentrate on beam-formed broadcast channel design for NR. Since the information on different beams is the same, any form of transmit diversity could be used (i.e., cyclic delay diversity (CDD or otherwise). Alternatively, the TRP could also transmit different broadcast beams using a combination of transmit diversity and / or different sub-bands. 
After the UE acquires synchronization and cell ID, it will decode the broadcast channel (BCH) to acquire the essential system information.  To support fast access, the same BCH is repeated over multiple beams.  Within the same beam, the time-frequency resource for BCH should be linked with synchronization signal, e.g. BCH and SS can be multiplexed in FDM or TDM manner, as illustrated in Figure 9. 
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Fig. 9 FDM/TDM of BCH and SS
In a TDM manner, the frequency resource for carrying SS and BCH can be minimized to support the UEs with narrow bandwidth.  In a FDM manner, the scheme can reduce the access delay, but a larger minimum bandwidth requirement is imposed to a UE.

Proposal 6: FDM/TDM between synchronization signals and broadcast channel within a beam should be studied in NR.
4.3 Random access channel

Based on the DL/UL reciprocity, UE gets to know the preferred DL and UL beam pair from the DL synchronization procedure. The TRP sweeps its receiving beams to receive the preambles.  Supposing the TRP sweeps its receiving beams in the same order of DL beams to transmit SS and each beam corresponds a resource, UE can just transmit its preamble with the preferred UL beam at the resource corresponding to the receiving beam of TRP, as shown in Fig. 10.
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Fig. 10 Random access for beam-based approach

In addition, when Tx beam for DL and Rx beam for UL cannot be reciprocity at TRP, an additional UL Rx beam search by transmitting a RACH resource/format is needed.
Proposal 7: PRACH should be transmitted by UE on the UL resource linked to the selected DL beam in NR.
5 Conclusions

In this contribution, we have considered the issues that need to be addressed related to beam-based access approach, including multi-beam scanning, access procedure and the corresponding signal/channel design. Based on the discussion above, the following are proposed: 
Proposal 1: Multi-beam scanning in TDM should be supported as a start point approach in NR. In this case, beam identification can be provided by the timing information, thus beam identification does not need to be encoded in the synchronization sequence.
Proposal 2: Multi-beam scanning in FDM/CDM should be considered as complementary to TDM in NR.
Proposal 3: Combination of the TDM/FDM/CDM multi-beam scanning to support initial access should be carefully studied by taking into account the beam-forming capabilities of TRP and UE in NR. Furthermore the performance of these different schemes needs to be analyzed in terms of

· Time needed for acquiring reliable synchronization
· Expected transmission overhead

· UE complexity 
Proposal 4: In NR, initial access procedure for both HF standalone and LF-assisted HF deployment should strive for a common design as much as possible (e.g., cell search and synchronization). 
Proposal 5: Whether different beams carry the same or different synchronization signals should be studied for synchronization signal design by taking into account UE detection complexity and good auto-/cross-correlation property.

Proposal 6: FDM/TDM between synchronization signals and broadcast channel within a beam should be studied in NR.

Proposal 7: PRACH should be transmitted by UE on the UL resource linked to the selected DL beam in NR.
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