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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1-87 [1] it was agreed the following:
Agreements:
· In NR, SRS can be configurable w.r.t. density in frequency domain (e.g., comb levels) and/or in time domain (including multi-symbol SRS transmissions)	
· Details FFS
· FFS details on how the set of port(s) and resources for SRS can be indicated by gNB
Agreements:
· For SRS transmission for NR, 
· The size of partial-band is configurable and smallest size can be N PRB(s).
· FFS the value of N
· FFS simultaneous multiple partial-bands transmission is supported depending on UE capability
Agreements:
· Frequency selective precoding is supported for UL MIMO with CP-OFDM waveform when the transmission ports is greater than X
· Following examples can be studied
· Example 1: Precoding information for a given partial BW is explicitly indicated by gNB
· The precoding information can be indicated through a hierarchical indication manner with wideband W1 and subband W2
· W1 and W2 can be signaled in one DCI or two separate DCIs
· Example 2: A single beam group in UL codebook is indicated by BS for UL transmission in perspective of the system bandwidth
· Example 2a: Precoder cycling  is adopted within the beam group 
· Example 2b: The UE has certain flexibility to decide which particular beam/precoder in the beam group for actual transmission.
· Example 3: Reciprocity based precoding
· Other examples are not precluded
· FFS: X value

In RAN1-NR Adhoc meeting [6] it was agreed the following:
· Support at least the following UL transmission schemes for data in NR
· Scheme A: Codebook based UL transmission
· Support frequency selective precoding for CP-OFDM when the number of transmission port is greater than X (FFS: Value of X).
· Scheme B: Non-codebook based UL transmission
· Support frequency selective precoding for CP-OFDM when the number of transmission port is greater than Y (FFS: Value of Y).
· Support PRB bundling for CP-OFDM
· Study configurability of PRG size for CP-OFDM
· Study the PRG size

In this discussion we analyze the effect of the frequency granularity of the CSI made available to the decoder and the frequency granularity of the UL precoders on the overall UL throughput. Given our findings, we highlight the importance of adopting more flexible CSI acquisition schemes in NR. In particular, we motivate the study of non-orthogonal reference signals (RSs), which are much more efficient than conventional orthogonal reference signals in terms of the required number of UL sounding overhead. 
Discussion on Flexible CSI Acquisition
Among the problems related to UL MIMO precoding in multi-user MIMO communications, the frequency granularity of the precoder [2] and the frequency granularity of the CSI available to the decoder [3] is of paramount important for maximizing the UL throughput. The CSI granularity directly impacts the UL throughput, since it defines how many of the available UL REs are used for allocating reference signals in order to estimate the channel. Indeed, a finer CSI granularity improves decoding performance, but it can also decrease the total throughput if too many of the UL REs are allocated to CSI sounding purposes.
In order to further illustrate this tradeoff, we define the sounding efficiency as the fraction of UL REs allocated to reference signals for a given CSI frequency granularity, i.e., 

The sounding efficiency improves as we reduce the number of REs allocated to RSs. From this point of view, using orthogonal RSs for all users sharing the same resources is costly in terms of REs. On the other hand, using non-orthogonal RSs can improve the sounding efficiency, if we can manage the interference resulting from non-orthogonality. 
An efficient non-orthogonal RSs design using statistical CSI has been proposed in [5] and is considered in this contribution.
For every CSI block, the gNB estimates the -dimensional CSI vector  which is the concatenation of the  CSI vectors corresponding to the antenna ports of all UEs and where  is the number of antenna ports at the gNB and  is the number of antenna ports of all UEs which are active on the considered resource. 
In the case of orthogonal pilots,  can be estimated separately. Instead, we consider the use of non-orthogonal RSs, together with the knowledge of the second-order statistics of the CSI vector , denoted by the  covariance matrix , and the noise level . Let us further denote the concatenation of the RS sequences transmitted by each UE antenna port by the  matrix , where  and  is the number of resources dedicated to RSs within the CSI block. Let   denote the NL×NK matrix   and  denote the  received signal.
In order to estimate all the channels based on the non-orthogonal RS, we consider the MMSE channel estimator given by 
.
We see that the estimator involves both the second-order statistics (through matrix ) and the RS sequences. The covariance of the estimation error (including the effect of RSs non-orthogonality) resulting from the MMSE channel estimator is given by 
.
Observe that RS sequences can be adapted to the statistical CSI in order to keep the estimator error within acceptable limits. The non-orthogonal RS sequences are optimized according to this observation to obtain RS sequences which can be significantly shorter than orthogonal RSs, with little or no loss in estimation accuracy (see e.g. [5]), resulting in higher spectral efficiency.
Proposal 1: CSI acquisition schemes where the RSs allows the gNB to acquire and track statistical CSI should be studied and the RSs can be updated on the basis of the statistical CSI. 
Link-level Simulation Assumptions
We consider an LTE TDD system using a bandwidth of 200 MHz. As shown in Figure 1, the total bandwidth is divided in Precoding Resource Groups (PRGs), inside which the same UL precoders are applied. The width of the PRGs is denoted by Precoding Bandwidth (PBW). Each of these PRG blocks is further divided in possibly smaller frequency blocks (CSI blocks), representing the resources over which the CSI is assumed constant at the gNB for the purpose of channel decoding; the size of the CSI blocks (CSI bandwidth, CBW) is defined by the SRS bandwidth. More precisely, it is assumed that the channel for every CSI block is estimated at the gNB using the corresponding SRSs, and these resulting channel estimates are used to compute the MMSE receivers for each one of these CSI blocks. In this scenario, the gNB also computes the UL precoders for the scheduled UEs and feeds them back to the corresponding UEs. Note that we always have CBW  PBW since the precoder granularity cannot be finer than the granularity of the available CSI. If we reduce the CBW, we improve the quality of the channel estimates used to compute the receiver at the gNB side, but we also increase the RS density and therefore reduce the sounding efficiency. 
The rest of simulation parameters are specified in Table 1 in the Appendix.
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[bookmark: _Ref469934290]Figure 1. Frequency Granularity Configuration
Link-level Simulation Results 
In Figure 2 we show the UL throughput in a total bandwidth of 200 MHz for different precoding and CSI granularities when orthogonal reference signals are used to estimate channel. 
First observe that the UL throughput always decreases with higher the PRG bandwidths (see also Figure 3). The actual UL throughput degradation with respect to the PBW strongly depends on the frequency granularity at which CSI is made available to the decoder. 
Observation 1: There exists a tradeoff between CSI and UL precoding frequency granularities and they should not be investigated separately.
Proposal 2: Study the impacts of precoding bandwidth and CSI bandwidth on DL and UL resource efficiency
This is not the case for the CSI granularity (see also Figure 4), since finer CSI frequency granularities require that more time-frequency UL resources are assigned to sounding purposes. In Figure 2, we observe that below a CSI block bandwidth of CBW= 0.4 MHz, the system operates in the low sounding efficiency region, in which the improved CSI quality resulting from the finer CSI granularity does not justify the large fraction of the available UL REs assigned to reference signals. For CSI block bandwidths CBW > 0.4 MHz, the UL throughput starts decreasing due to the degraded CSI available at the decoder.  
Observation 2: UL CSI acquisition schemes using orthogonal UL sounding reference signals have a low sounding efficiency when fine CSI granularity is required. This low sounding efficiency penalizes the UL throughput.
The sounding efficiency at CBW= 0.4 MHz is only 71%, which leaves room for further UL throughput improvements if orthogonal reference signals are substituted by non-orthogonal reference signals adapted to the statistical CSI—the covariance information. The design is based on [5], assuming that statistical CSI is available at the gNB. This is further investigated in Figure 3 and Figure 4.
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[bookmark: _Ref469921539]Figure 2. UL Throughput in a total bandwidth of 200 MHz versus the PRG bandwidth (PBW) and the CSI block bandwidth (CBW).
In Figure 3 we fix the CSI block bandwidth to CBW= 0.4 MHz and plot the UL throughput in a 200 MHz bandwidth as a function of the PRG bandwidth PBW. Note how the higher sounding efficiency of non-orthogonal reference signals (97% versus 71%) results in higher UL throughputs.
In Figure 4 we fix the PRG bandwidth to PBW= 20 MHz and plot the UL throughput in a 200 MHz bandwidth (and the sounding efficiency) as a function of the CSI block bandwidth CBW. This figure shows that, given the increased sounding efficiency, non-orthogonal reference signals always improve the overall uplink throughput, especially when the CBW is small. 
Observation 3: Non-orthogonal reference signals result in higher sounding efficiencies (>93%) and, thus, higher UL throughputs.
Proposal 3: Non-orthogonal RS design for UL CSI acquisition should be supported for NR. 
Comparing Figure 3 and Figure 4 we can conclude that the effect of CSI frequency granularity is much more pronounced that the effect of the UL precoder frequency granularity. Furthermore, the low efficiency of orthogonal reference signals at fine CSI granularities motivates further study more flexible CSI acquisition schemes supporting non-orthogonal reference signals.
Observation 4: The effect of CSI granularity is much more pronounced that the effect of the UL precoder granularity on the UL throughput. 
Proposal 4: CSI acquisition schemes which allow for non-orthogonal RSs to be allocated by the gNB to UEs sharing time-frequency resources should be supported.
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[bookmark: _Ref469922140]Figure 3. UL Throughput in a total bandwidth of 200 MHz versus the PRG bandwidth (PBW) for a CSI block bandwidth CBW = 0.4 MHz.
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[bookmark: _Ref469922089]Figure 4. UL Throughput in a total bandwidth of 200 MHz versus the CSI block bandwidth (CBW) for a PRG block bandwidth PBW = 20 MHz.
Conclusions
From the simulations results and analysis above, the following observations and proposals can be concluded:
Observation 1: There exists a tradeoff between CSI and UL precoding frequency granularities and they should not be investigated separately.
Observation 2: UL CSI acquisition schemes using orthogonal UL sounding reference signals have a low sounding efficiency when fine CSI granularity is required. This low sounding efficiency penalizes the UL throughput.
Observation 3: Non-orthogonal reference signals result in higher sounding efficiencies (>93%) and, thus, higher UL throughputs.
Observation 4: The effect of CSI granularity is much more pronounced that the effect of the UL precoder granularity on the UL throughput. 
Proposal 1: CSI acquisition schemes where the RSs allows the gNB to acquire and track statistical CSI should be studied and the RSs can be updated on the basis of the statistical CSI. 
Proposal 2: Study the joint impact of precoding bandwidth and CSI bandwidth. 
Proposal 3: Non-orthogonal RS design for UL CSI acquisition should be supported for NR. 
Proposal 4: CSI acquisition schemes which allow for non-orthogonal RSs to be allocated by the gNB to UEs sharing time-frequency resources should be supported.
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Appendix
Table 1. Simulation Parameters
	Number of UEs
	12

	Channel model parameters
	Urban Macro (from [4])

	gNB height
	25m

	Cell radius
	100m

	Pathloss model
	From [4]

	Line of sight probability
	0.6

	gNB antennas
	(M,N,P) = (8,8,1), with (dV,dH) = (0.5, 0.5) λ

	UE antennas
	(M,N,P) = (4,2,1), with (dV,dH) = (0.5, 0.5) λ

	Carrier Frequency 
	4.6 GHz

	Bandwidth
	200 MHz

	UE transmit power
	23 dBm over 200 MHz

	UE speed
	3 Km/h

	Frame structure
	TDD with 2 UL: 2 DL frames (LTE Config 1)
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