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In Rel-15, Type II codebook is introduced to provide a high resolution PMI feedback. Subband differential amplitude and 8PSK subband phase is introduced along with L=3/4, which also results in a large CSI feedback overhead. Currently, Type II codebook is supported only for up to rank 2, the extension to rank 3/4 or a larger value of L will be even more. Thus, Type II CSI feedback overhead reduction is in the scope of WID of the Rel-16 to handle this issue:
· Enhancements on MU-MIMO support:
· Specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead 
· Perform study and, if needed, specify extension of Type II CSI feedback to rank >2  
In TDD systems, with reciprocity, SRS can be used for gNB to acquire the downlink channel information. However, using SRS only may not be sufficient to acquire timely the full downlink CSI due to the number of transmit antennas are less than receive antennas, and the transmit power limitation on SRS. Even with SRS antenna switching and SRS frequency hopping as defined in NR Rel-15, in some cases, the time delay (due to hopping and antenna switching) and additional insertion loss will impact on the performance. So, in TDD system, Type-II CSI feedback also can be used to enhance the performance in some cases.
With the help of channel reciprocity in TDD system, partial CSI can be obtained through SRS measurement, the overhead of Type-II CSI feedback can be significantly reduced. In this contribution, we discuss the overhead reduction for Type-II CSI feedback in TDD systems.
[bookmark: _Ref129681832]Discussion
CSI acquisition enhancement for TDD system
In TDD system, NR specifies two features for SRS in Rel-15, one is frequency hopping and another is SRS switching both antenna and carrier switching are specified in NR Rel-15. The features are used for different scenarios. For instance, in the case of SRS power limited in UE side, the SRS can be transmitted with subband frequency hopping.  In the case that the number of Tx antennas is less than the number of receive antennas (e.g., 1T4R, 2T4R, 4T8R), SRS can be transmitted through antenna switching.
Although SRS is the main method for CSI acquisition in TDD systems, the performance can still be further enhanced. As an example, for a cell edge UE, a tradeoff between the SRS latency and channel estimation quality has to be considered very carefully. Hopping bandwidth can be configured small to have a higher SRS power spectrum density, but the channel aging problem can be severe and the outdate channel information does not help much. Even for cell center UE, long SRS periodicity (i.e., 20ms, 40ms) may have to be configured by gNB to accommodate massive users. Thus, with a high demanding of SRS resources, the channel aging issue cannot be neglected, neither. 
For the case that the number of Tx antennas is less than Rx antennas, though SRS antenna switching can be used. However, with SRS antenna switching, the additional insertion loss and switching latency will be introduced, especially for the case with large number of receive antennas 6Rx/8Rx. In some cases, such as power limited UE or moving UEs, the latency and insertion loss will impact the system performance. Observation 1: In TDD system, CSI acquisition relying on SRS transmission only is challenging in some cases, and thus CSI feedback can also be used.
Thus, to acquire a timely downlink CSI, gNB may still need to rely on the CSI report from the UE, such as Type II CSI feedback. As known in Type-II CSI feedback, the high resolution results in very high feedback overhead, hundred bits, even to a thousand of bits to be fed back. Furthermore, due to the potential large number of Rx ports (e.g., 6/8Rx), and the resulting potential high rank UE may prefer to report, the PMI feedback overhead can be very large. 
Hence, on one hand, we need to enhance the TDD system performance in the case that only SRS is not proper, where Type-II CSI feedback should be used. On the other hand, the issues of large CSI overhead of Type-II CSI feedback should be addressed. 
Observation 2: The overhead of Type-II CSI feedback need to be reduced in TDD system, especially for the case with higher rank transmission.
Proposal 1: CSI feedback overhead reduction based on Type-II CSI feedback should be considered for TDD system. 
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In this section, we discuss how to address the overhead issues based on Type-II CSI feedback in TDD system. The main difference between FDD system and TDD system is that there exists channel reciprocity in TDD system, which may be helpful to reduce the CSI feedback overhead. One way is to reduce the CSI feedback overhead is to jointly utilize the Type-II CSI feedback and the channel reciprocity in TDD system.
For example, through SRS transmission, a part of DL channel information can be obtained in gNB side, and the remaining part of CSI can be obtained by Type-II CSI feedback. The following example is provided for joint using SRS transmission and Type-II CSI feedback.
An exemplary scheme procedure
We give an example to show how to reduce the Type-II CSI feedback overhead through the joint use of SRS and Type-II CSI feedback in TDD systems.
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Figure 1 An exemplary of the joint SRS and CSI feedback scheme



Taking a 2T4R UE as an example as shown in Figure-2. Let  represent its full DL channel matrix, where N is port number at gNB,  is the channel part of port 0/1 available at gNB from a recent SRS measurement, and  is the channel part of port 2/3 unavailable at gNB from the recent SRS transmission. 




[bookmark: OLE_LINK134][bookmark: OLE_LINK135]To acquire full DL CSI, UE measures  trough DL reference signals, such as CSI-RS and feedback the related information to gNB. By reporting  related information, i.e., reporting based on Rel-15 Type II codebook, gNB can acquire the full DL channel matrix with combining the CSI from SRS transmission and Type-II CSI feedback. 
Based on the full channel matrix information, MU/interlayer interference can be greatly reduced by constructing an accurate precoder for PDSCH, and thus can enhance the PDSCH transmission performance. 
As a summary, the steps of the joint SRS and CSI feedback includes
· UE transmits SRS from the port 0/1,
· UE feedback partial PMI related to the port 2/3.
· gNB combine the two parts of CSI to construct the full channel information
From the scheme, we can see that only half channel information need to be fed back to gNB, which means the CSI overhead of Type-II CSI feedback can be reduced by up to 50%. Then, in the performance evaluation part, we can see that the proposed scheme provide a very close performance to the Type-II CSI feedback cases.
Advantages of the joint utilization of SRS and Type II CSI
In addition to the advantage of a significant reduction of CSI feedback overhead, jointly using SRS and Type II CSI feedback also has the following advantages. Firstly, with Type-II CSI feedback, the latency of SRS frequency hopping and SRS antenna switching can be reduced. So channel aging issue is mitigated. Secondly, the impact of insertion loss can be reduced, which can provide a better channel estimation quality. In addition, since the partial PMI may have a reduced “rank” than the rank of Type II CSI, the CSI complexity/calculation delay and CSI processing unit occupation can be reduced.
Performance analysis and evaluation
 Overhead reduction analysis for joint SRS and CSI feedback
Let us elaborate the advantage of overhead reduction through an example. Assuming a UE with 2T4R and its channel condition is good enough to support a rank 4 transmission. Among the four Rx ports, port 0/1 are Tx ports, and port 2/3 are non-Tx ports. Consider the Rel15 Type II codebook and a direct extension to rank 4, L=4 DFT beams, 32 ports with (4,4,2) port layout, 8 PSK subband phase quantization and WB+SB amplitude quantization, the total PMI payload is shown in Table 1:
Table 1 PMI overhead of Rank 4 with an direct extension of Rel15 Type II codebook
	Rotation:

	L-beam selection
	Strongest coefficient 
 per layer
	WB amp:
 per layer
	Total WB payload
	SB amp
(1 SB):
 per layer
	SB phase 
(1 SB):

 per layer
	Total payload
(WB + 10 SBs)

	4
	11
	12
	84
	111
	20
	76
	1071



It can be seen that over one thousand bits are needed for a rank 4 PMI report.
With joint Type II CSI feedback and SRS transmission, since the channel matrix of port 0/1 are already obtained through SRS transmission, only channel matrix related to port2/3 are need to be fed back. Although feedback of channel matrix is not supported yet, it is a straightforward method that the current Type II codebook is used to report the channel vectors related to port 2/3. Specifically, let h2 and h3 are channel vectors to be reported, then UE report W1and W2 that satisfy , , where W1 and W2 consist of the elements in Table 1. The total PMI payload is shown in Table 2.
Table 2 PMI overhead of Rank 4 by reporting channels of only two non-Tx ports using Rel15 Type II codebook 
	Rotation:

	L-beam selection
	Strongest coefficient 
 per layer
	WB amp:
 per layer
	Total WB payload
	SB amp
(1 SB):
 per layer
	SB phase 
(1 SB):

 per layer
	Total payload
(WB + 10 SBs)

	4
	11
	12
	42
	63
	10
	38
	543



It can be seen that half of PMI overhead can be greatly reduced. gNB can acquire a rank 4 channel information with an overhead of rank 2 feedback.
In addition, since no SRS switching gap is introduced, and even latency from SRS frequency hopping can be reduced, the joint CSI feedback and SRS transmission can help gNB to obtain a timely downlink CSI.
Observation 3: Joint CSI feedback and SRS transmission can achieve significant CSI overhead reduction for TDD system, with less CSI acquisition latency.
System performance comparison
Performance of the proposed scheme is evaluated and compared with no SRS antenna switching. No SRS antenna switching means there are only fixed 2Tx ports transmitting SRS in 2T4R scenario. Type II PMI feedback is also evaluated as performance upper bound. 
As mentioned in Section 2.1, a large SRS periodicity is needed in the network to accommodate massive users. Thus, 20ms SRS periodicity is used for all schemes that involve SRS transmission in the simulation. Multiple SRS hopping bandwidth are compared and 24 RB is assumed in this simulation to achieve a tradeoff a SRS latency and channel estimation quality. The system bandwidth is 20MHz. Thus, the whole bandwidth can be covered by the SRS transmission from the 2Tx ports within one slot. 
For Type II CSI feedback, L=4, WB+SB amplitude quantization, and 8PSK phase quantization are assumed. To support rank 3/4 CSI feedback, a direct extension of Rel 15 Type II codebook is assumed. For the proposed scheme, UE report the channel vectors of the non-Tx ports based on Type II codebook, and the same codebook configuration is used as the Type II CSI scheme. For the proposed scheme, the periodicity of the partial PMI feedback is 20ms, and the CQI report is based on beamformed CSI-RS. For Type II CSI scheme, the CSI report periodicity for Type II CSI is 10ms. 
The overhead reduction calculation is presented in above section, and here show the performance comparison in Figure 3. 
Compared with the no SRS switching scheme, 42% gain for cell average UPT and 85% gain for cell edge UPT are achieved by the proposed joint SRS & CSI feedback scheme. The promising gain comes from the reduced CSI acquisition latency and better channel estimation quality (no insertion loss). 
If UE with more Rx ports, i.e., 2T6R or 2T8R UE, are considered, a larger gain can be expected.
Observation 4:  42% cell average UPT and 85% cell edge UPT gain can be achieved by joint SRS&CSI feedback over the baseline without SRS switching.
Compared with the Type II CSI feedback, the proposed scheme provides a very close performance. It means that although the joint SRS&CSI scheme reduce the CSI overhead significantly, it does not degrade the performance, which aligns with the very goal of the WID mentioned above.
Observation 5: Similar performance to Type II CSI feedback scheme (extended to rank 4) can be achieved by joint SRS&CSI feedback, with significantly reduced CSI feedback overhead.

Figure 2 Performance comparison for 2T4R UE
Proposal 2: Joint use SRS and Type-II CSI feedback is a potential solution to reduce the CSI feedback overhead for high resolution CSI acquisition.
Conclusions
Based on the above discussion, we provide our views on the type II CSI overhead reduction for TDD system by virtue of reciprocity property and have the following observations and proposals:
Observation 1: In TDD system, CSI acquisition relying on SRS transmission only is challenging in some cases, and thus CSI feedback can also be used.
Observation 2: The overhead of Type-II CSI feedback need to be reduced in TDD system, especially for the case with higher rank transmission.
Observation 3: Joint CSI feedback and SRS transmission can achieve significant CSI overhead reduction for TDD system, with less CSI acquisition latency.
Observation 4:  42% cell average UPT and 85% cell edge UPT gain can be achieved by joint SRS&CSI feedback over the baseline without SRS switching.
Observation 5: Similar performance to Type II CSI feedback scheme (extended to rank 4) can be achieved by joint SRS&CSI feedback, with significantly reduced CSI feedback overhead.
Proposal 1: CSI feedback overhead reduction based on Type-II CSI feedback should be considered for TDD system. 
Proposal 2: Joint use SRS and Type-II CSI feedback is a potential solution to reduce the CSI feedback overhead for high resolution CSI acquisition.
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Appendix 
Simulation assumption
	Parameters
	Values

	Duplex mode 
	TDD

	Inter-BS distance 
	500m

	Carrier frequency 
	3.5GHz

	Simulation bandwidth
	20MHz

	Channel model
	3DUMa

	BS Tx power 
	41dBm

	BS antenna configuration
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1); (dH,dV) = (0.5, 0.8)λ

	BS TXRU mapping
	(MTXRU, NTXRU, P, Mg, Ng) = (2, 8, 2, 1, 1)

	UE antenna configurations 
	2Tx 4Rx, Cross-polarized with 0, 90deg

	UE antenna height
	Follow TR36.873

	UE antenna gain
	Follow TR36.873

	UE receiver noise figure
	9 dB

	Traffic model
	Non-Full buffer

	UE distribution
	80% Indoor, 3km/h, 
20% Outdoor, 30km/h

	Scheduler
	High rank greedy(rank adapt)

	HARQ scheme
	CC with up to 3 retransmissions

	UE receiver type
	MMSE

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	MIMO mode
	MU-MIMO with rank adaptation, max rank = 4

	SRS hopping bandwidth
	24*4 PRB

	SRS hopping period 
	20 ms



32Tx at gNB, 2T4R at UE, @60% RU

Cell average UPT	
2T4R no SRS switching	2T4R joint SRS	&	CSI feedback	Type II CSI feedback extended to rank 4	1	1.4124569359488155	1.4222679228479693	Cell edge UPT	
2T4R no SRS switching	2T4R joint SRS	&	CSI feedback	Type II CSI feedback extended to rank 4	1	1.8450195837493282	1.8028057240867317	
Gain
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