Page 1

3GPP TSG-RAN WG1 #86bis 	R1-1610146
10th – 14th October 2016
Lisbon, Portugal

[bookmark: Source]Agenda item:	8.1.4.2
Source: 	Qualcomm Incorporated
Title: 	Continuous beamforming and initial evaluation results
[bookmark: DocumentFor]Document for:	Discussion/Decision
Introduction
In RAN1#85, the discussion on multi-antenna scheme for new radio interface have been kicked-off.  It is agreed that [1]
· The following DL multi-antenna transmissions to be studied for NR
· Closed-loop/(Semi)Open-loop spatial multiplexing
· Single/Multi-point transmissions
· SU/MU-MIMO
· Transmit diversity, 
· e.g., Single/Multi panel spatial diversity
· Combination of above techniques
· Other DL multi-antenna transmissions and related techniques are not precluded
· This does not imply that used transmission technique needs to be known to the UE
In this contribution, we introduce the notion of continuous beamforming and discuss its potential benefits for DL MIMO for NR. 
Discussion
Novel MIMO transmission schemes and procedures will be employed in the extreme bandwidth NR cellular networks in order to deliver extended coverage, high spatial multiplexing gains and low end-to-end latency, while enabling the usage of low complexity radio processing algorithms at the mobile terminals. It is generally well understood that large MIMO beamforming gains may be achieved by employing non-codebook based transmission schemes with precoding that exploits the frequency domain selectivity of the wireless channels. However, such precoding methods need to be carefully designed to ensure that no channel estimation degradation is incurred due to the discontinuities in the precoded channel that may result by applying a frequency selective precoding matrix. 
Overall, we propose studying the gains of a non-codebook based MIMO transmission scheme assuming as a starting point that the precoding granularity can be as small as a single Resource element (RE). Such a study would need to take into consideration at least the joint effect of
1) Enhanced beamforming gains due to the small precoding granularity
2) DMRS channel estimation performance impact under realistic assumptions on the quality of the channel state information at the transmitter side.
3) Complexity reduction at the UE which could benefit from wideband processing algorithms.

Proposal 1: For non-codebook-based MIMO transmission schemes, consider to study the spectral efficiency gains associated with a precoding granularity of single RE under realistic assumptions on the quality of channel state information at the transmitter and realistic channel estimation algorithms at the receiver.
Non-codebook based MIMO: Continuous Beamforming
As described above, from a beamforming perspective, choosing a different precoding matrix at each resource element, could potentially lead to the largest MIMO gains. However, such a precoding method could make the channel estimation at the receiver very challenging, since the effective channel of adjacent subcarriers could be very different if the corresponding precoding matrices are not designed properly. One way of simplifying the problem would be to enforce a bundle-based precoding design; such a design, which has been extensively used in LTE, typically leads to non-trivial discontinuities in the effective channel on the boundary of the tone bundles, which make wideband, or generally, across-bundle DMRS channel estimation problem, hard. However, it is possible to design smooth precoding matrices in the frequency domain that could ensure that such abrupt changes in the effective channel are reduced and that the frequency selectivity of the effective channel can be gracefully handled in a transparent way to the UE without the need of additional DMRS pilot overhead.  
Continuous Beamforming Numerical Example 
As an initial evaluation, consider a 57.6 MHz TDD system with 8 transmit antennas at the transmitter and 4 antennas at the receiver that is scheduled a rank 2 transmission using a non-codebook reciprocal-based MIMO precoding scheme in a TDL-C channel with 300 nsec r.m.s. delay spread and a Doppler spread of 10 Hz. Table 1 in the Appendix summarizes the main parameters of the simulation setup. Figures 1 compares the throughput of the following two transmission schemes:
A. The transmitter uses a constant precoder on every set of N consecutive subcarriers using average SVD directions inside these subcarriers (block precoding) and the receiver performs a narrowband MMSE channel estimation in every block of subcarriers.
B. The transmitter uses a continuous beamforming design by smoothing the SVD directions across the whole allocation and the receiver performs a wideband FFT-based channel estimation.
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Figure 1 Throughput for rank 2 transmission in a TDD system with 57.6 MHz. Simulation parameters can be found in Table 1.



Figure 1 presents the throughput link-level performance, assuming perfect or realistic channel estimation at the receiver and perfect or realistic channel state information knowledge at the transmitter. We make the following observations:
· Note that different precoding granularities where examined (i.e., 16, 32, 48, 64, subcarriers) for the constant precoding design methods, and only the best scenario is shown in this plot (constant precoder every 48 subcarriers).
· For a small precoding granularity, the precoding design can potentially provide higher beamforming gains, but the channel estimation algorithm at the receiver will generally get worse.  
· For large precoding granularity, the channel estimation is significantly enhanced, but due beamforming loss the resulting throughput is lower.
· We observe that the scheme with the continuous beamforming design leads to a similar throughput performance as the best constant precoding design method that was evaluated, while enabling the receiver to perform a wideband channel estimation over the whole bandwidth.  It should be noted that continuous beamforming does not in general preclude the receiver to perform narrowband estimation in case of a smaller allocation. 
· Even though performance gains from using continuous beamforming over constant precoding are not observed in this example, the former could still potentially enable wideband channel estimation algorithms at the receiver and a simpler PMI feedback procedure because the channel in general flattens out after applying such a precoding method.
Continuous Beamforming without channel reciprocity
It should be noted that non-codebook based MIMO transmission schemes with a precoding granularity of one RE can be considered outside the scope of reciprocal-based beamforming and TDD systems. Specifically, in a FDD system it could still be possible that the channel state information at the transmitter can be exploited to design digital precoding matrices with per-RE granularity. For example, the receiver may potentially feedback a quantized version of the channel impulse response (CIR) which may be used at the transmitter to design wideband per-RE precoding matrices. 
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Continuous Beamforming: UE complexity considerations
As described and exemplified above, ensuring that the per-RE precoder is continuous enough in the frequency domain may facilitate the usage of wideband processing algorithms, such as wideband channel estimation algorithms, e.g., FFT-based channel estimation algorithms, and wideband PMI computation. 
Specifically, in scenarios of large bandwidth allocation, performing the channel estimation over a larger bandwidth may potentially result in lower complexity algorithms without additional channel estimation loss compared to an MMSE-based sub-band frequency-domain processing. Further studies will be needed to investigate the effectiveness of continuous beamforming methods in enabling such wideband processing algorithms.
Proposal 3: Consider to study the effectiveness of different continuous beamforming precoding design methods in facilitating wideband channel estimation algorithms at the receiver.
Similarly, due to continuous beamforming, the effective channel could have a significantly reduced delay spread, which could result in reducing the need of sub-band PMI computation and feedback. More studies are needed to determine whether such complexity gains could be achieved and under which channel conditions and deployment scenarios.
Proposal 4: Consider to study the effectiveness of continuous beamforming precoding designs in reducing the need of sub-band PMI computation and feedback.
Conclusions
In summary, we discuss some aspects of a non-codebook based MIMO transmission mode which allows for a precoding granularity as small as one resource element.  We propose
Proposal 1: For non-codebook-based MIMO transmission schemes, consider to study the spectral efficiency gains associated with a precoding granularity of single RE under realistic assumptions on the quality of channel state information at the transmitter.
Proposal 2: Consider the possibility of introducing continuous beamforming precoding schemes beyond the scope of reciprocal-based beamforming.
Proposal 3: Consider to the effectiveness of different continuous beamforming precoding design methods in facilitating wideband channel estimation algorithms at the receiver.
Proposal 4: Consider to study the effectiveness of continuous beamforming precoding designs in reducing the need of sub-band PMI computation and feedback.
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We summarize the main simulation parameters of the numerical example shown above in the following table:
	Parameter
	Value

	System Bandwidth
	57.6 MHz (1920 subcarriers)

	Numerology
	30 KHz SCS with NCP

	Number Tx antennas
	8

	Number Rx antennas
	4

	Number of layers
	2 

	Control Overhead
	No control

	Coding
	3GPP Turbo LTE, with 15 Decoding iterations

	Interleaving
	Frequency-domain Tone interleaving

	HARQ
	RV: 0,1,2,3

	TTI
	0.5 msec (14 OFDM symbols)

	Link Adaptation
	Target: 10% TB Error (1 bit ACK/NAK per TTI)

	DMRS pilot overhead
	Two full symbols preamble DMRS 

	Subframe Structure
	12 DL symbols, 1 guard symbol, 1 uplink symbol

	Uplink Symbol
	4 antenna SRS wideband sounding in a comb structure

	Demapper
	MMSE

	Channel
	TDL-C 300 nsec r.m.s. DS, with Doppler spread Fd = 10 Hz and low antenna correlation

	MCS Table
	18 entries up to 256-QAM with rate 0.8813
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