[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Ref452454252][bookmark: _GoBack]3GPP TSG-RAN WG1 #89 	R1-1708894
Hangzhou, P.R. China 15th – 19th May 2017

Agenda item:		7.1.2.1.3
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Source:	Nokia, Alcatel-Lucent Shanghai Bell
Title:	Codebook Design for UL MIMO
Document for:		Discussion and Decision

1	Introduction
In the last RAN1 meeting, this WF on New Radio UL MIMO transmission is agreed [1]:
	Agreements:
· In NR, support UE to report its capability regarding the max number of spatial layers (N) for UL transmission
· NR supports UL codebook for an UE based on the reported capability, at least one of the followings is supported 
· Alt1: Network configures multiple codebooks each corresponding to a # of antenna ports
· Alt2: Network configures a scalable/nested codebook supporting a variable # of antenna ports
· Alt3: Network configures a codebook same as UE capability
· Alt 4: UE recommends a subset of codebook(s)
· This alternative may be absorbed into one or more the above alternatives
· FFS the codebooks corresponding to a given number of TX antenna ports can be fixed in specification or configurable 
· UL codebook structure: at least one of the following two is supported
· Alt 0: single-stage codebook 
· Alt 1: dual-stage codebook 
· Consider using LTE codebooks, the impact of multi-panel, etc. for UL codebook design




For the codebook based UL transmission, the UL codebook design is still open, including potential single-stage codebook or multi-stage codebook design.  This contribution addresses the general considerations for NR UL codebook design.

2	Two stage 4Tx and 8Tx codebooks
The evaluated two-stage 4Tx and 8Tx codebooks for uplink are based on the LTE Rel-12 DL codebook. The general codebook structure takes the form as


where  is the beam matrix with size , and  performs beam selection, co-phasing, and normalization.
For 4Tx, the beam matrix , with .
For 8Tx, the beam matrix , with .

3	Performance evaluation of UL single-stage and dual-stage codebook design
3.1	System level simulation assumptions
The system-level performance of Uplink MIMO precoding is studied for a 4GHz system with 100MHz bandwidth in the UMa environment with 200m ISD in this contribution.  

The following system parameters are applied in our simulations.
· UMa environment operating at 4GHz (5G-UMa channel) with a 100MHz system bandwidth
· Hexagonal layout with ISD values of 200m. 
· Base station array has 64 RX antennas (M,N,P) = (8,4,2) with half wavelength spacing in both the horizontal and vertical. Ideal MMSE reception is used (no IRC).  
· The UEs are omni cross-pol arrays spaced half wavelength, with 4 transmit antennas (M,N,P)=(1,2,2), 8 transmit antennas (M,N,P)=(1,4,2).

We consider the following transmission schemes on the UL:
· Reciprocity-based transmission leveraging ideal but delayed UL channel knowledge (delayed by 5 msec)
· Sub-band precoding (10MHz sub-bands and 5MHz sub-bands) vs wideband precoding (100MHz bandwidth).  Such a strategy would require 10 PMIs for 10MHz SB, and 20PMIs for 5MHz SB, to be fed back to the UE.  Note that we assume the use of OFDM on the UL for the purposes of this study. 
· Codebook-based (4TX LTE codebook or 8TX LTE codebook) vs non-codebook-based precoding (Eigen-beamforming based on reciprocity)
· Single stage 4Tx/8Tx codebook vs dual-stage 4Tx/8Tx codebook

Detailed simulation assumptions can be found in the Table 1 in the Appendix.

3.2	Simulation results
System level simulation results are illustrated in Figure 1 for 4Tx and 8Tx uplink. Single-stage codebook and 2-stage codebook results are shown, together with the results of EBF (eigen-beamforming), which serves as the upper bound performance for uplink transmission. For each transmission scheme, wideband precoding, sub-band precoding with 10MHz SB, and sub-band precoding with 5MHz SB are also presented in Figure 1.



[bookmark: _Ref481678095]Figure 1    UL system level simulation results with 1-stage/2-stage 4Tx/8Tx codebook
Figure 1 shows that the performance difference between 1-stage codebook and 2-stage codebook is very small, for both 4Tx and 8Tx codebook. With WB precoding, there is slightly improvement of using 2-stage CB for 4Tx (~1% gain). The 8Tx 2-stage codebook has almost identical results to that of single stage CB. From the performance point of view, it can be observed that there is virtually no difference between 1-stage and 2-stage codebook.
Observation 1: There is no system-level performance difference between 1-stage and 2-stage 4Tx and 8Tx codebook in uplink.
In terms of performance over sub-band precoding, the 2-stage codebook performs similar the 1-stage codebook: the sub-band precoding gain is quite small. The gain of 10MHz SB over WB is about 2% for 4Tx and 2.4% for 8Tx. Further reducing SB bandwidth to 5MHz from 10MHz won’t provide gain at all for the 2-stage codebook.
Observation 2: The subband precoding gain for 2-stage codebook and 1-stage codebook is very small for both 4Tx and 8Tx uplink.

4	Discussion on UL codebook design
From the system level simulation results, there is no much performance difference between 1-stage and 2-stage codebook in uplink, at least for these 4Tx and 8Tx codebooks under investigation. Other considerations, such as feedback overhead, shall be considered for uplink codebook design.
RAN1 has agreed to support UL frequency selective precoding for CP-OFDM when the number of transmission port is greater than X. For frequency selective precoding, 2-stage codebook has its benefit of lower sub-band feedback overhead, when compared with the 1-stage codebook. With this consideration, it would be proper to support 2-stage codebook for UL when sub-band precoding is supported.
Proposal 1:		Support two stage codebook design for NR uplink when sub-band precoding is applied.
On the other hand, when the transmission port is less than or equal to X, only wideband precoding for CP-OFDM could be supported, based on the implication of current RAN1 agreement. With wideband precoding, there would be no feedback overhead difference for 1-stage codebook and 2-stage codebook. Considering simplicity, single stage codebook should be used.
Proposal 2:		Support single stage codebook design for NR uplink when only wideband precoding is applied.
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5	Conclusions
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]In this contribution, we made the following observations and conclusions: 
Observation 1: There is no system-level performance difference between 1-stage and 2-stage 4Tx and 8Tx codebook in uplink.
Observation 2: The subband precoding gain for 2-stage codebook and 1-stage codebook is very small for both 4Tx and 8Tx uplink.
Proposal 1:		Support two stage codebook design for NR uplink when sub-band precoding is applied.
Proposal 2:		Support single stage codebook design for NR uplink when only wideband precoding is applied.
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Appendix
Table I. Simulation assumptions
	Parameters
	Values

	Scenario
	Urban macro

	Carrier freq.
	4 GHz

	System Bandwidth
	100MHz

	Sub-band bandwidth
	10MHz (10 sub-bands over the system bandwidth), and 5MHz (20 sub-bands over system bandwidth)

	UE Tx power
	23 dBm over 100MHz

	Channel model
	According to 38.900

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

	BS TXRU mapping
	Single TXRU per antenna element.  

	Downtilt
	90 degrees

	UE antenna config.
	4 Transmit antennas: Omni UE with (M,N,P)=(1,2,2), 4 TXRUs
8 Transmit antennas = Omni UE with (M,N,P)=(1,4,2), 8 TXRUs

	UE #
	5 users per TRP (average)

	UE distribution
	TR36873: 20% outdoor (3km/h), 80% indoor (3km/h)

	Traffic model
	Full buffer

	CSIT
	CSIT either wideband or sub-band based.  
PMI: LTE 4TX codebook and LTE 8TX codebook for 4 and 8 TX antennas, respectively. 
PMI2: LTE 2-stage 4Tx and 8Tx codebooks
Reciprocity-based: eigenbeamforming leveraging downlink channel response (ideal but delayed by 5msec)

	MIMO mode
	SU-MIMO with Rank adaptation (Rank 1 or Rank 2)

	Scheduler
	Wideband PF

	Receiver
	MMSE
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