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1 Introduction

RAN#71 in March approved a NR SID [1]. According to NR SID, new RAT will consider frequency ranges up to 100GHz. In the last RAN2 meeting several mechanisms to enhance the delivery of system information was discussed. In [2] [3] it was proposed to consider SFN based transmission for robust system information broadcast. In this paper we discuss SFN based broadcast transmissions in high frequency bands.
2 Discussion
2.1 SFN transmissions without beamforming

At higher frequency band (e.g. 28 GHz) large path loss is expected than at lower frequency band (e.g at 2 GHz). The theoretical difference of the path loss in free space derived by Friis’ equation between 28GHz and 2GHz is 22.92 dB. In case of NLoS this difference is in the range of 22-28 dB as shown in figure 1. 
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Figure 1
Furthermore, 10-15 dB additional loss due to shadow fading, penetration loss and noise figure as shown in Table 1 is also assumed at higher frequency band [4-8].
Table 1
	Parameter
	LTE
	HF-NR

	Carrier frequency
	2 GHz
	28 GHz

	Path Loss
	19.57 + 39.09 log10(R)
	53.23 + 35.3 log10(R)

	Shadowing Standard Deviation
	6 dB
	7.82 dB

	Penetration Loss
	20 dB
	27.88 + N(0, σ) dB

	Noise Figure
	5 dB
	UL: 7 dB, DL : 13 dB


Observation 1: At higher frequency band (e.g. 28 GHz) signal degradation is at least 32dB more than lower frequency band (e.g at 2 GHz).
In a SFN based broadcast transmission several TRPs transmit the same information simultaneously in same frequency (i.e. macro diversity gain). In theory, SFN based transmission using N TRPs may provide similar geometry gain as N time repetition of same information by single TRP and combining by the UE. In order to compensate the path loss at high frequency band using SFN based transmission, UE should be able to receive from large number of TRPs (e.g. for 25dB gain, ~400 TRPs are needed). Even in a dense deployment a UE may not be able to receive signal from such large number of TRPs. Additionally, the SFN gain at UE can be achieved only when signal level from different TRPs are almost same. For several UEs signal from one TRP is dominant than the signal from other TRPs. So the gain could be limited to few UEs in the system.
Beamforming with sharp beam width and high antenna gain at eNB and UE side as shown in figure 2 can be used at high frequency band. Practically, antenna gain by beamforming in eNB is considered about 15 to 30 dBi. The antenna gain in UE is considered about 3 to 20 dBi. TX/RX beamforming at high frequency band provide sufficient gains to overcome the larger path loss at high frequency band. 
So, SFN based transmission cannot provide sufficient gains to overcome the large signal degradation at high frequency bands compared to beamforming.
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Figure 2
2.2 SFN transmissions with beamforming

For SFN based DL broadcast transmission using multiple TRPs the same information is broadcasted from multiple TRPs simultaneously in same frequency. This requires tight network synchronisation and/or longer cyclic prefix. Additionally, in beamformed system tight beam coordination is needed to ensure that transmissions from beams of neighbouring TRPs overlap in time. The beam coordination is explained further using Figure 3. Figure 3A shows several TRPs each having 6 TX beams where each TX beam provides coverage in different directions. Each TRP transmits the DL broadcast (say PBCH) periodically in time slots t1 to t6 wherein different beam is used in different time slots. In the absence of any coordination each TRP can transmit beams in time slots t1 to t6 in any order. One such order is shown in figure 3B where each TRP transmits beam B1 in time slot t1, beam B2 in time slot t2 and so on. In order to get gain from SFN transmissions for UE(s), a) beam B1 of TRP1, beam B5 of TRP2 and beam B3 of TRP7 should be transmitted in same time; b) beam B2 of TRP1, beam B4 of TRP2 and beam B6 of TRP3 should be transmitted in same time; c) beam B3 of TRP1, beam B5 of TRP3 and beam B1 of TRP4 should be transmitted in same time; d) beam B4 of TRP1, beam B6 of TRP4 and beam B2 of TRP5 should be transmitted in same time; e) beam B5 of TRP1, beam B1 of TRP5 and beam B3 of TRP6 should be transmitted in same time; f) beam B6 of TRP1, beam B2 of TRP6 and beam B4 of TRP7 should be transmitted in same time. 
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Figure 3A                                                                                         Figure 3B
In case of dense deployment with each TRP supporting several beams the beam coordination is challenging. Also, in case of NLoS, it is hard for network to predict which beams from different TRPs can be concurrently received by UE. 

Observation 2: For SFN based transmissions in beamformed system tight beam coordination is needed to ensure that transmissions from beams of neighbouring TRPs overlap in time.
Further, if UE uses RX beamforming, UE may not be able to receive signals concurrently from multiple TRPs because UE’s best RX beamforming direction can be different for different TRPs and hence no gain of SFN based transmission. For example in Figure 3A, a UE in vicinity of beam 1 in TRP1 receives signal from beam 1 using a RX beam in direction of beam 1. In this case UE will not receive signal from beam B3 of TRP7 and beam B5 of TRP2. UE can receive these only if RX beamforming is not used at UE.
Observation 3: If UE uses RX beamforming, UE may not be able to receive signals concurrently from multiple TRPs.
So, SFN based transmission in beamformed system is quite complex to realise in practice, and gains are limited due to UE RX beamforming.
Based on discussions in section 2.1 and 2.2, we propose that, 

Proposal 1:RAN2 should take into account the following considerations in designing mechanism for DL broadcast transmissions at high frequency band.

·      SFN based transmission may not provide sufficient gains to overcome the large signal degradation at high frequency bands compared to beamforming.
·     SFN based transmission in beamformed system is quite complex to realise in practice, and gains are limited due to UE RX beamforming.
Proposal 2:  RAN2 should not assume SFN based broadcast transmissions at high frequency bands.
3 Conclusion

Based on the above, RAN2 is requested to discuss and if possible agree on the following proposals:

Proposal 1:RAN2 should take into account the following considerations in designing mechanism for DL broadcast transmissions at high frequency band.

·      SFN based transmission may not provide sufficient gains to overcome the large signal degradation at high frequency bands compared to beamforming.
·     SFN based transmission in beamformed system is quite complex to realise in practice, and gains are limited due to UE RX beamforming.
Proposal 2:  RAN2 should not assume SFN based broadcast transmissions at high frequency bands.
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