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Introduction
Already in RAN1#86bis, the following agreement was reached:
Agreements:
· For downlink, NR supports beam management with and without beam-related indication
· [bookmark: _GoBack]When beam-related indication is provided, information pertaining to UE-side beamforming/receiving procedure used for data reception can be indicated through QCL to UE
· FFS: Information other than QCL
· FFS: When beam-related indication is provided, information pertaining to the Tx beam used for data transmission is indicated to UE 
· For downlink, based on RS (used for beam management) transmitted by TRP, UE reports information associated with N selected Tx beams
· Study how the N Tx beams can be selected 
· Study the case where N comprises of all Tx beams
· Study UE reporting information
· Note: N can be equal to 1


The work in RAN1 has since then focused very much on beam management with beam indication. In this paper, we describe beam management without beam indication, and we also provide initial results on such an algorithm.
[bookmark: _Ref178064866]Discussion
In [1], the concept of baseline and extended beam management procedures were introduced. The baseline procedure corresponds to beam management without beam indication. We will give a short recap of the baseline algorithm, and then provide simulation results.
Beam management without beam indication
The baseline procedure is characterized by the establishment of a single beam-pair link (BPL) to be used for both control (PDCCH and PUCCH) and data transmission (PDSCH and PUSCH). A BPL consists of the link between the TRP and a UE considering a particular TRP Tx beam and UE Rx beam. The establishment procedure is transparent to the UE in the sense that no explicit downlink signalling is used to inform the UE of what Tx beam is used or what UE Rx beam should be used. There are several options for initial BPL establishment, one of them based on DL measurements of multiple configured CSI-RS resources (CSI-RS beam sweep) plus UE feedback of a preferred resource (beam). Other options for P1 include reciprocity-based approaches based on UL measurements which exploit Tx/Rx correspondence at the TRP. For example, such measurements may be based on one or more PRACH preamble transmissions. 
In this paper we focus on the DL measurement approach based on CSI-RS. Hence a salient feature of the baseline procedure is UE reception of CSI-RS, PDCCH and PDSCH without beam-related indication as stated in the agreement listed above. The baseline procedure primarily consists of procedure P1, and optionally P2/P3 for moderate-length data sessions, i.e., sessions not long enough to warrant the extended procedure.
An illustrative sequence of steps in the baseline procedure to establish a single BPL without the need for beam indication is as follows:
1. The NW configures the UE to measure and report on multiple (K) beamformed CSI-RS resources directly after the transition from IDLE to CONNECTED, or directly after a handover to a new cell.
a. An aperiodic beam sweep of K beams on a UE-specific basis is efficient at low to moderate load, especially if the NW has some rough a priori knowledge of user location, e.g. based on PRACH, NR-SS or previous CSI-RS reports.
b. A semi-persistent/periodic beam sweep to cover the service area for a group of UEs is efficient for the case of high load 
2. The UE determines an initial UE Rx beam without dedicated NW assistance. For instance, before performing random access, the UE has detected a suitable SS, and during that process, the UE has adjusted its Rx beam to that SS reception. The UE may use same beam as during the RACH procedure, which may be wide beam. Hence the system must be dimensioned to ensure sufficient PDCCH coverage even if the UE is not using the strongest Rx beamforming.
3. Depending on the configuration, the UE reports a Tx beam report including CSI or RSRP using the same beam as for PRACH.
4. From now on, the gNB uses the best reported beam for both PDCCH and PDSCH transmissions. No explicit DL signalling is necessary to indicate the selected TRP Tx beam, since the UE used the same Rx beam to perform all the measurements during the beam sweep. In addition, the gNB may use the same beam direction for future reception of PUCCH/PUSCH as long as Tx/Rx correspondence holds at the gNB.
5. The gNB determines the expected duration of the data session, for example, through its observability of DL/UL buffer status. Since much of the traffic consists of short data sessions, it may often happen that all data has been delivered in one or at most a few slots. The length of the data transmissions will be further reduced due to the large BWs available at mmW frequencies. If so, then no further updates of the beams at the TRP or UE may actually be needed. 
6. If the NW determines that it would be useful to update the beams at the TRP and/or the UE, the NW will schedule a P2 or P3 procedure. As long as the P2 and P3 procedures are performed separately, no beam indication will be required.  In this case, the BPL may be refined using procedures P2 and/or P3.
7. Refining the BPL using P2: 
a. The gNB triggers a Tx beam sweep (P2) based on configuring one or more aperiodic (UE specific) beamformed CSI-RS resources based on the previously reported best beam from the UE. 
b. The UE feeds back the best N CRI (corresponding to the N best Tx beams) together with CSI. 
c. The gNB updates its Tx beam based on the CRI report from the UE. This refined BPL is used for the remaining PDCCH/PDSCH transmissions in the data session. Note that no beam indication is required, since the UE has not varied its Rx beam during the sweep.
8. Refining the BPL using P3:
a. The gNB triggers an Rx beam sweep (P3) based on configuring one or more aperiodic (UE specific) beamformed CSI-RS resources based on the previously reported best beam from the UE. The Tx beams used for the sweep will be the same.
b. The UE varies its Rx beam during the sweep, and remembers the best Rx beam.
c. The UE feeds back the best CSI for link adaptation purposes. 
d. The UE applies the new Rx beam as soon as possible. Note that the UE will not notify the NW of which Rx beam is the best..

A key point in the above steps is that both the initial CSI-RS beam sweep and the optional refinement CSI-RS beam sweep, the UE receives the CSI-RS, the PDCCH and the PDSCH without explicit beam-related indication from the gNB. This is due to the fact that the baseline procedure establishes only a single BPL, and that no combined P2/P3 procedure is applied. 
[bookmark: _Toc474157000][bookmark: _Toc478108970][bookmark: _Toc478110726]The baseline procedure uses a single, active BPL and operates without beam indication. 
[bookmark: _Toc474157001][bookmark: _Toc478108971][bookmark: _Toc478110727]The active BPL in the baseline procedure is established implicitly on the network side by the choice of Tx beam
[bookmark: _Toc474157002][bookmark: _Toc478108972][bookmark: _Toc478110728]The active BPL in the baseline procedure is established implicitly on the UE side as the RX beam discovered during the latest P3 beam sweep.
These observations imply that for each new measurement, the TX and RX beams for the single, active BPL may be updated.
Performance of beam management without beam indication
In this section we provide initial simulation results on a simplified performance evaluation of a beam finding procedure at the gNB according to assumptions in Appendix A.2.5 in [2]. We assume that the gNB has a single panel with 4x8 dual-polarized antenna elements virtualized into one TXRU per polarization via an oversampled 2-D DFT matrix. The UEs are assumed to be equipped with a single isotropic dual-polarized element; hence no beam finding procedure at the UE side is investigated in this first evaluation. At every 50-th subframe, a complete beam sweep is performed at the gNB using beamformed CSI-RS. For each UE, the gNB then uses the TX beam with highest RSRP as measured and reported by the UE in subsequent downlink data transmission until the next beam sweep.   
For comparison, we also simulate a fully digital beamforming system where there is a TXRU per gNB antenna element and polarization. In this case, non-beamformed CSI-RS is transmitted every 5-th subframe and a 64-port LTE Rel-13 Class A style, is used to determine the best beam for the downlink data transmission. Both systems use a proportional fair scheduler, wideband in the analog and frequency-selective in the digital beamforming case.
Both the analog and digital beamforming solutions rely on CSI reports every 5th subframe to perform link adaptation, precoder selection, and rank adaptation.
Figure 1 shows CDFs of spectral efficiency per user for the 5G Urban macro (UMa) scenario at 30 GHz using a full buffer traffic model. Details of the simulation assumptions are given in the appendix. The results show that already this basic analog beam sweeping solution gives spectral efficiency similar to the digital beamforming case. It can also be seen that around 30% of the users are in outage. This is due to the high propagation loss at 30 GHz. Running a non-full buffer traffic simulation with a proportional fair scheduler will therefore not give meaningful results in this scenario.

[image: ]

[bookmark: _Ref478053372]Figure 1: CDF of spectral efficiency for the 5G UMa scenario at 30 GHz, full buffer traffic.

Figure 2 and Figure 3 show cell-edge and median user throughput, respectively, vs. served traffic using a non-full buffer traffic model (FTP model 1) in the 5G Indoor hotspot (InH) scenario at 30 GHz. Details of the simulation assumptions are given in the appendix. For 50% resource utilization in the digital beamforming system the cell-edge user throughput of the analog beamforming system is 65%. of the digital. Corresponding number for the median throughput is 82%. If we define capacity as the served traffic for a fixed cell-edge user throughput obtained at 50% resource utilization for the analog beamsweepng system, the analog beamsweeping system has 15% lower capacity than the digital beamforming system
[image: ]
[bookmark: _Ref478054488]Figure 2	Cell-edge user throughput vs. served traffic for the 5G InH scenario at 30 GHz, FTP traffic model 1.
[image: ]

[bookmark: _Ref478054513]Figure 3	Median user throughput vs. served traffic for the 5G InH scenario at 30 GHz, FTP traffic model 1.
Compared to the analog solution, the fully digital beamforming solution has the following advantages:
· A new precoder is selected from the 64-port codebook every 5 subframes
· Frequency selective precoding is applied
Despite these disadvantages, even this first analog beamforming solution performs well. 
[bookmark: _Ref189046994]Future performance evaluations will consider more detailed antenna models at the UE.
[bookmark: _Toc478110729]A basic beam management solution without beam indication performs well, even compared to a fully digital solution. The analog solution relies only on the agreed CSI framework.
Conclusion
 
In section 2 we made the following observations:
Observation 1	The baseline procedure uses a single, active BPL and operates without beam indication.
Observation 2	The active BPL in the baseline procedure is established implicitly on the network side by the choice of Tx beam
Observation 3	The active BPL in the baseline procedure is established implicitly on the UE side as the RX beam discovered during the latest P3 beam sweep.
Observation 4	A basic beam management solution without beam indication performs well, even compared to a fully digital solution. The analog solution relies only on the agreed CSI framework.

[bookmark: _In-sequence_SDU_delivery]References
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Appendix
Simulation assumptions
Urban macro
	Attributes
	Values of assumptions

	Carrier Frequency
	30 GHz

	Mode
	DL SU-MIMO

	Simulation bandwidth
	40 MHz

	Subcarrier Spacing for data
	60 kHz

	Channel Model
	5G UMa

	TXRU mapping to antenna elements
	One TXRU per polarization

	TXRU mapping weights
	2D TXRU virtualization weights is the Kronecker product between vertical and horizontal weight vectors taken from DFT with 4x oversampling

	Scheduling algorithm
	PF scheduler

	Link adaptation
	Based on CSI-RS

	Traffic Model
	Full buffer with 10 UEs/cell

	BS antenna configurations
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1). (dV, dH) = (0.5, 0.5)λ

	BS antenna element radiation pattern
	According to TR38.802

	UE antenna configurations
	(M, N, P, Mg, Ng) = (1, 1, 2, 1, 1)

	UE antenna element radiation pattern
	Isotropic

	UE receiver type
	MMSE-IRC 

	MCS
	LTE MCS



Indoor hotspot

	Attributes
	Values of assumptions

	Carrier Frequency
	30 GHz

	Mode
	DL SU-MIMO

	Simulation bandwidth
	40 MHz

	Subcarrier Spacing for data
	60 kHz

	Channel Model
	Indoor in TR 38.900

	TXRU mapping to antenna elements
	One TXRU per polarization

	TXRU mapping weights
	2D TXRU virtualization weights is the Kronecker product between vertical and horizontal weight vectors taken from DFT with 4x oversampling

	Scheduling algorithm
	PF scheduler

	Link adaptation
	Based on CSI-RS

	Traffic Model
	FTP model 1 with packet size 0.5 Mbytes

	BS antenna configurations
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1). (dV, dH) = (0.5, 0.5)λ

	BS antenna element radiation pattern
	According to TR38.802

	UE antenna configurations
	(M, N, P, Mg, Ng) = (1, 1, 2, 1, 1)

	UE antenna element radiation pattern
	Isotropic

	UE receiver type
	MMSE-IRC

	MCS
	LTE MCS
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