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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In LTE, UL MIMO is a key feature that has been supported to boost the uplink throughput. In the RAN1#87 adhoc meeting, it was agreed that [1]
· 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).
· Study codebook design including single-stage and multi-stage, e.g., W1W2 structure, codebook 
· Study the following DL signaling, e.g.,
· One level DCI
· Two level DCI
· MAC CE
· DCI associated with PDSCH (like UCI associated with PUSCH in LTE)
· 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 the indication of DL measurement RS for UE to calculate candidate precoder
· Study the mechanisms for UL precoder determination, e.g. precoded SRS based, non-precoded SRS based, hybrid precoded and non-precoded SRS based
· Diversity-based transmission schemes
· FFS: Whether the scheme has specification impact or not
· FFS: Merging of the schemes
· Support rank determination by gNB
· Support PRB bundling for CP-OFDM
· Study configurability of PRG size for CP-OFDM
· Study the PRG size
· FFS: Single port transmission is supported for the UE capable for multiple antenna port transmission.
In this contribution, we will present our views on the UL MIMO design.
1. [bookmark: OLE_LINK168][bookmark: OLE_LINK169]Frequency selective precoding for codebook based transmission
2.1 Discussion on the value of X 
In the last meeting, frequency selective precoding is supported for codebook based UL transmission, when the uplink transmission ports is larger X. To determine the value of X, link level simulation results are provided in Figure 1 for 2/4 SRS ports at UE. The related performance gain of frequency selective precoding over frequency non-selective precoding is shown in Table 1.
[image: cid:image001.png@01D276F2.62DF72E0]
Figure 1.Performance gain of frequency selective precoding for codebook based UL transmission
Table 1. Performance gain of frequency selective precoding for codebook based UL transmission
	SNR
	Gain for 2 SRS ports at UE
	Gain for 4 SRS ports at UE

	-6dB  
	12% 
	12.8% 

	0dB
	10%
	7.25%


As shown in Table 1, the performance gain of frequency selective precoding over frequency non-selective precoding is 12% at SNR of -6dB for 2 SRS ports with the LTE UL codebooks, and the performance gain continues to increase when the number of SRS ports grows. Therefore, X=2 should be supported for codebook based UL transmission.
It is worth noting that the results are based on the LTE UL codebooks, which is mainly designed for DFT-s-OFDM. In NR, there is no such restriction on the codebook design in CP-OFDM, if with more accurate UL codebooks in NR, the performance gain of frequency selective will be larger.
Proposal 1: For codebook based UL transmission, support frequency selective precoding for CP-OFDM when the number of transmission port is equal  to or greater than 2.
2.2  UL codebook design 
For UL transmission, both single stage and dual stage codebook can be considered.
Since the antennas within one panel are likely to be closed spaced, the channel can be highly correlated. Therefore,  dual stage codebook structure is suitable and can achieve a PMI indication overhead reduction since only W2 is subband/short-term based reported. For UE with multiple panels, the dual stage codebook structure can still be used for precoding matrix design for each panel. Since the dual stage codebook structure has been well designed for DL MIMO transmission, applying this structure to UL MIMO transmission is reasonable. Therefore, the dual stage codebook should be supported for UL transmission.
Proposal 2: Dual stage codebook for UL MIMO transmission is beneficial in terms of PMI singling overhead and should be supported.
2.3 PMI signalling mechanism design 
For codebook based transmission, one critical issue is the indication of the subband PMI. With the subband increases, the required indication bits will increase dramatically which imposes great burden for the DCI capacity. 
[bookmark: OLE_LINK174][bookmark: OLE_LINK175][bookmark: OLE_LINK176]For dual stage codebook structure, two level signaling mechanism can be used to reduce the DCI signaling overhead. One option is that both the first and the second level signaling are DCI based. The wideband/long term W1 is indicated by the first level DCI, and the subband/short term W2 is signaled in the second level DCI. As the W2 only performs the beam selection in W1 and co-phasing selection, the required bits can be greatly saved. For schemes that do not need subband W2, such as open loop UL transmission scheme, only the first level DCI is needed to indicate W1. Therefore, such a two-level DCI structure also has the benefit to support dynamic transmission scheme switching. Since the second level DC may not always be needed, the first level DCI needs to indicate whether the second level DCI exists or not. The second level DCI can be contained in PDCCH or associated with PDSCH. However, one constraint is that a PDSCH has to be scheduled if the second level DCI is associated with PDSCH, which is not required if the second level DCI is contained in PDCCH.
Another option is that W1 is indicated in the first level signaling DCI and W2 is indicated in PDSCH. The first level DCI indicates the wideband/long term W1, and also indicates the resource allocation for a PDSCH. Since only W1 is indicated in DCI, the indication capacity of DCI is no longer an issue. However, this scheme is not always suitable since it is possible that no PDSCH is scheduled for the UE at this moment. 
There were also some discussion in the last meeting that MAC CE based signaling can be used for the UL PMI indication. However, since the W2 is short term parameter, the decoding delay of MAC CE makes it unsuitable for W2 indication. 
[bookmark: OLE_LINK180][bookmark: OLE_LINK181][bookmark: OLE_LINK182]Proposal 3: For dual stage codebook based UL MIMO transmission, a two-level DCI structure should be supported to indicate PMI for frequency selective precoding.
Conclusion
From the above discussion, we have the following observations and proposals:
Proposal 1: For codebook based UL transmission, support frequency selective precoding for CP-OFDM when the number of transmission port is greater or equal than 2.
Proposal 2: Dual stage codebook for UL MIMO transmission is beneficial in terms of PMI singling overhead and should be supported.
Proposal 3: For dual stage codebook based UL MIMO transmission, a two-level DCI structure should be supported to indicate PMI for frequency selective precoding.
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Appendix
Simulation parameters
	Parameter
	Value

	SNR
	[-12 5]dB

	System bandwidth
	20MHz

	Channel Model
	CDLB-300

	Velocity
	3km/h

	eNB Antenna 
	16TR 

	UE Antenna 
	2/4TR

	UE Number
	1

	Layer Number
	1

	Precoder
	Codebook from 36.211

	AMC
	ON

	Frame Structure
	UL MIMO of prototype

	CP
	Normal

	Channel Estimation
	Non-Ideal

	Receiver
	MMSE
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