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Introduction
RAN#71 in March approved a NR SID [1]. According to NR SID, new RAT will consider frequency ranges up to 100GHz. In this contribution, two coverage enhancement approaches for initial access, i.e. single-beam repetition and multi-beam sweeping, are compared for transmission of initial access signals (e.g. sync signals, broadcast channel(s)) at higher frequencies.
Discussion
In the single-beam based approach, a wider beam is generally used to cover the whole coverage area within a cell. On the other hand, the multi-beam based approach utilizes the sweeping of narrow beams to cover the whole coverage area. Figure 1 shows the single-beam and multi-beam based approach both for DL and UL directions. In this figure, for multi-beam based approach, multiple beams transmitted in a single time instance (i.e., symbol) are transmitted on orthogonal resources. In addition to above, single beam based approach with repetition can be considered for enhancing the coverage of initial access signals.



Figure 1 Single-beam and multi-beam based approaches
1.1 Comparison of Multi-Beam Sweeping vs Single Beam Repetition
Geometry SINR CDF is evaluated to verify which scheme is beneficial for transmission of initial access signals. For the simulation, it is assumed as follows:
· Multi-beam based approach with beam sweeping: Initial access signal is transmitted with K sweeping beams and coherent combining is applied on K received signals at UE side.
· Single-beam based approach with repetition: Initial access signal is transmitted K times with single-beam and coherent combining is applied on K received signals at UE side.
Based on the evaluation assumption for above 6GHz in [2], the simulation parameters are provided in our companion contribution [3]. Here, omni-directional beam is assumed for UE antenna pattern to solely see the effect of coverage enhancement methods which is applied on DL channel. Moreover, per antenna element power constraint is assumed to reflect practical hardware constraints. For fair comparison among two coverage enhancement methods, two things are assumed as below: 
· Same antenna architecture/structure, e.g. the number of antenna elements per panel and the number of panels
· Same number of OFDM symbols for beam sweeping and repetition

With above simulation assumptions, the geometry SINR CDFs are compared in Figure 2, which reveals that multi-beam with beam sweeping provides the higher SINR compared to single-beam with repetition. Single-beam with repetition suffers from power loss to generate the wide beam with a massive MIMO antenna panel; hence poor SINR is observed. From the simulation results, it can be concluded that multi-beam based approach with beam sweeping should be supported for transmission of initial access signals at higher frequency bands.
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Figure 2 SINR CDF of Single beam with repetition, Multi-beam with beam sweeping

Observation 1: Better SINR is achieved (10 dB at 30%tile cdf) in case of Multi-beam sweeping over single-beam repetition at higher frequencies, e.g., 30GHz operation.

For both cases of single-beam with repetition and multi-beam with beam sweeping, beam association between TRP and UE is needed for data transmission. During a beam association procedure for DL/UL, Tx/Rx beam of TRP and Rx/Tx beam of UE are associated, respectively. For the beam association, beam training is needed both for DL and UL. However, when the beam correspondence (or reciprocity) is assumed both at TRP and UE (e.g., TDD system), DL beam training would be enough for beam association of both DL and UL.

Figure 3 shows the initial access and beam association process between TRP and UE for two coverage enhancement methods when the beam correspondence (or reciprocity) at TRP and UE is assumed.



Figure 3 Initial access and beam association procedure: (a) multi-beam with beam sweeping, (b) single-beam with repetition

As shown in Figure 3a, if TRP applies Tx beam sweeping for initial access signals, time required for TRP to detect RACH from UE can be minimized with exploiting beam correspondence (or reciprocity) at TRP. Suppose that TRP applies Rx beam sweeping for RACH reception according to the TRP Tx beam sweeping; and the TRP associate resources for Tx beam sweeping and those for Rx beam sweeping. When beam correspondence at TRP holds, the UE can be configured to select a Tx resource for RACH corresponding to a TRP Rx beam, which is derived from an Rx resource for initial access corresponding to a TRP Tx beam on which the UE receives strongest signal. For example, the TRP associates Tx beam resource i to Rx beam resource i, and applies the same antenna weights for Tx and Rx beam resources i. If the UE receives the strongest signal on TRP Tx beam resource i, then the UE can be configured to transmit RACH on TRP Rx beam resource i. This way, the TRP Rx and UE Tx beams are aligned for RACH transmissions even without beam sweeping. 

On the other hand, as shown in Figure 3b, if TRP applies single-beam repetition for initial access signals, it will take more time for TRP to detect RACH from UE. Suppose that TRP applies single-beam repetition RA reception at TRP. In order for TRP to accumulate sufficient energy from the UE transmissions without Rx beamforming gain, the UE will need to repeat RACH transmissions to achieve the same level of coverage with multi-beam sweeping case. This is not only inefficient in terms of required RACH detection time, but also energy inefficient at the UE side.  

It is noted that eventually the DL data beam alignment is necessary regardless of whether the single-beam repetition or beam sweeping is used for the initial access. A coarse beam alignment during the initial access procedure can also reduce time and energy consumption for the data beam alignment as well. 

Observation 2: Multi-beam sweeping has the following advantages over single-beam repetition at higher frequencies, e.g., 30GHz operation:
· RACH detection time can be reduced when beam correspondence holds both at TRP and UE, and hence less power will be consumed at the UE side.
· Coarse beam alignment during the initial access and RACH procedure may help establish efficient data beam alignment in the later stage. 

Based on the observations, the following is proposed:

Proposal 1: NR supports multi-beam based approach with beam sweeping for initial access signals at least for higher frequency bands.
Conclusions
Based on the above, RAN2 is requested to discuss and if possible agree on the following proposals:

Observation 1: Better SINR is achieved (10 dB at 30%tile cdf) in case of Multi-beam sweeping over single-beam repetition at higher frequencies, e.g., 30GHz operation.

Observation 2: Multi-beam sweeping has the following advantages over single-beam repetition at higher frequencies, e.g., 30GHz operation:
· RACH detection time can be reduced when beam correspondence holds both at TRP and UE, and hence less power will be consumed at the UE side.
· Coarse beam alignment during the initial access and RACH procedure may help establish efficient data beam alignment in the later stage. 

Proposal 1: NR supports multi-beam based approach with beam sweeping for initial access signals at least for higher frequency bands.
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