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1. [bookmark: _Toc474161164][bookmark: _Toc494739923][bookmark: _Toc495273190]Introduction
In this contribution, we provide our views on non-codebook based transmission.

2. [bookmark: _Toc495273191]Overview on non-codebook based transmission

In RAN1 90bis, the following was agreed:
Agreement:
· Support indicating DL measurement RS for UE to calculate UL candidate precoders for precoded AP-SRS resource via DCI
· The DL measurement RS is a CSI-RS for CSI acquisition
· Specify the following mechanism for DCI signalling:
· Using the same field for AP-SRS resource triggering 
· Association between triggering state, triggered SRS resource(s) and the CSI-RS resource ID is higher layer configured
· Support indicating DL measurement RS for UE to calculate UL candidate precoders for precoded P/SP-SRS resource via higher layer signalling
· The DL measurement RS is a CSI-RS for CSI acquisition
· AP-SRS(s) association with P(>1)-port AP-CSI-RS: 
· AP-CSI-RS can be transmitted in the same slot as the DCI containing AP-SRS trigger. 
· The AP-SRS(s) is transmitted X symbols after AP-CSI-RS. 
· FFS: The scope of X and whether the AP-SRS and AP-CSI-RS can be in the same slot
· AP/SP/P-SRS(s) association with P(>1)-port P/SP-CSI-RS
· Timing of UL precoder calculation based on the associated CSI-RS is up to UE implementation


When a UE is configured with a CSI-RS which is linked to an uplink SRS resource, there can be a number of possibilities in terms of the UE’s behaviour:
1. The UE is capable of coherent transmission, and the derived precoder from CSI-RS, which may not have equal gains over Tx chains is used for SRS;
2. The UE is not capable of coherent transmission, the CSI-RS can be used to decide what antenna groups to be used for SRS transmission. In this case, the configured CSI-RS is used to help UE perform antenna selection on the UE side given the uplink reception gNB beamforming.
3. When analog beamforming is used at gNB and/or UE, the uplink CSI acquisition becomes quite complicated. A UE may need to establish the analog Tx beams used for uplink transmission for SRS/PUSCH. In this case, it seems necessary for the gNB to notify the UE what analog Tx beams should be used. When beam correspondence exists, the UE can derive the analog Tx beams from the downlink analog Rx beams. Hence spatial QCL assumption between CSI-RS for beam management, CSI-RS for CSI acquisition, SRS should be established. Also the spatial QCL assumption between SRS and PUSCH is used by the UE to derive the analog beam for PUSCH from that of SRS’s.


The following was agreed in an email discussion after RAN1 90bis:
Agreements:
When a UE is configured with multiple SRS resource sets, one of three behaviors below applies:
· Alt 1: Only one resource in each of multiple SRS sets can be transmitted at a given time instant 
· The SRS resources in different SRS resource sets (for a subset of the configured SRS resource sets) can be transmitted simultaneously 
· Alt 2: All resources in one of a UE’s SRS resource sets can be transmitted simultaneously 
· The SRS resources in different SRS resource sets may or may not be transmitted simultaneously
· Alt 3: A subset of or all resources in one of a UE’s SRS resource sets can be transmitted simultaneously 
· The SRS resources in different SRS resource sets (for a subset of the configured SRS resource sets) can be transmitted simultaneously
· Select in RAN1#91 which of the three behaviors is supported and strive to minimize the impact on SRS configuration framework
· FFS: whether or not specification in addition to UE capability is needed to support the selected behavior 
· The UE can indicate its capability to gNB of its supported number of resource sets and supported number of SRS resources per set, and/or, for Alt 3), either 
· per subset, or
· the supported number of SRS resources that can be transmitted simultaneously per set
· Decide in RAN1#91 if this applies to either UL beam management or non-codebook based precoding, or to both UL beam management/non-codebook based precoding


In Figures 1-4, illustrations are provided for four scenarios where analog beamforming, antenna switching, coherence transmission (due to existence of RPD calibration and use the same frequency source for Tx chains) come into play. /, \ and × are for antenna polarization(s).



Figure 1 Typical sub 6GHz setup, a fixed analog beam (shown as a circle) is used for each antenna port. / & \ are for different polarizations





Figure 2 Antenna switches used to select Tx antennas




Figure 2(a) separately adjustable switches. This scenario can be converted to analog beamforming. 


Figure 3 mmW, two panels with an adjustable analog beam for two polarizations on each panel




Figure 4 mmW, two panels with an adjustable analog beam for two polarizations on each panel





From the above figures, we propose that a UE reports the following Tx chain grouping to the gNB:
· Coherence grouping among Tx chains;
· Grouping indication for simultaneous transmissions from Tx chains;
· analog beam grouping among Tx chains.


Note antenna switching as shown in Figure 2 cannot convienently be converted as analog beam switching, and vice versa; while antenna switching as shown in Figure 2(a) can be treated a a special case of analog beam switching.


A UE reports groups of Tx chains which cannot be simultaeously transmitted, each group is denoted as STG(i), where STG stands ”simultanous Tx group”, and ”i” is the STG index.

Tx chains  under STG(i) are divided into subgroups: if the same analog beam is always used for a subset of Tx chains in STG(i), then the subset of Tx chains are put into a subgroup, such a subgroup can be called ”analog beam group”, and the same label for a analog beam group can be given to Tx chains within the subgroup. At the same time, Tx Chains under STG(i) are classified according to another criterion: whether coherence transmission from two Tx chains can be conducted or not; a label can be given to all the Tx chains for which coherence transmission is feasible. 

The following RRC signaling design can be considered: 
{Simultaneous Tx Group 1:
{Tx Chain Id, Analog beam group Id, Coherence Tx group Id},
…
{Tx Chain Id, Analog beam group Id, Coherence Tx group Id}
}

{Simultaneous Tx Group 2:
{Tx Chain Id, Analog beam group Id, Coherence Tx group Id},
…
{Tx Chain Id, Analog beam group Id, Coherence Tx group Id}
}

….

{Simultaneous Tx Group N:
{Tx Chain Id, Analog beam group Id, Coherence Tx group Id},
…
{Tx Chain Id, Analog beam group Id, Coherence Tx group Id}
}

Or alternatively 
{Tx Chain 1, Simultaenous Tx group Id, Analog beam group Id, Coherence Tx group Id},
…
{Tx Chain , Simultaenous Tx group Id, Analog beam group Id, Coherence Tx group Id}

 
Examples are given below:

for Figure 1 without the RPD issue,

	Tx Chain Index
	Simultaneous Tx group Id
	Analog beam group Id
	Coherence Tx group Id

	1
	S1
	A1
	C1

	2
	S1
	A2
	C1

	3
	S1
	A3
	C1

	4
	S1
	A4
	C1



for Figure 1 with the RPD issue,

	Tx Chain Index
	Simultaneous Tx group Id
	Analog beam group Id
	Coherence Tx group Id

	1
	S1
	A1
	C1

	2
	S1
	A2
	C2

	3
	S1
	A3
	C3

	4
	S1
	A4
	C4



for Figure 2 without the RPD issue,

	Tx Chain Index
	Simultaneous Tx group Id
	Analog beam group Id
	Coherence Tx group Id

	1
	S1
	A1
	C1

	2
	S1
	A2
	C1

	3
	S2
	A3
	C1

	4
	S2
	A4
	C1



Or


	Tx Chain Index
	Simultaneous Tx group Id
	Analog beam group Id
	Coherence Tx group Id

	1
	S1
	A1
	C1

	2
	S1
	A2
	C1

	3
	S2
	A1
	C1

	4
	S2
	A2
	C1



as using the same Analog beam group Id across Simultaneous Tx groups won’t lead to confusion.



For Figure 3 with coherence transmission from all Tx chains,

	Tx Chain Index
	Simultaneous Tx group Id
	Analog beam group Id
	Coherence Tx group Id

	1
	S1
	A1
	C1

	2
	S1
	A2
	C1

	3
	S1
	A3
	C1

	4
	S1
	A4
	C1



For Figure 4 with coherence transmission from all Tx chains,


	Tx Chain Index
	Simultaneous Tx group Id
	Analog beam group Id
	Coherence Tx group Id

	1
	S1
	A1
	C1

	2
	S1
	A1
	C1

	3
	S1
	A2
	C1

	4
	S1
	A2
	C1




When the gNB configures SRS resources, the Tx chain Ids or Tx chain Indices, or alternately other Ids such as simultaneous Tx group Id/Analog beam group Id/Coherence Tx group Ids are referred so the UE has the knowledge   what Tx chains the SRS resource is mapped to:

{SRS resource Id,
SRS resource configuration,
{Tx chain Id-1, Tx Chain Id-2, …}
}

The gNB can use the signaling from the UE to decide whether codebook based transmission or non-codebook transmission should be used. 


In Figure 5, the message chain between a gNB and a UE is shown for non-codebook based transmission.



Figure 5	 Message chain between gNB and UE



3. Relationship between codebook based transmission & non-codebook based transmission

Non-equivalence of codebook based transmission and non-codebook based transmission



Assume there are N Tx/Rx antennas (e.g. N=4) at a UE. Assume the network configures a -port CSI-RS, and the UE estimates a DL wideband covariance matrix .

And an eigen-decomposition is performed on :









 is a  unit-norm vector, , and  are the eigenvalues. Assume the UE uses (scaled) for beamformed SRS transmission over  a single port SRS resource , . 




If the gNB chooses SRS resources 1 and 2 for rank 2 UL MIMO transmisison, i.e.  and  are chosen for a rank-2 PUSCH, the power emitted from antenna  is proportional to:

, where  is the antenna index.

And either or both as follows can happen:

· 
	


	if , ; 
· 

and in general  the power profile  across antennas {} depends on the selected SRS resources, and it is different from {}.

If the UE suffers from RPD, then actual precoders applied to PUSCH are




 instead of ;


Where is the phase rotation on antenna; and deconstructive combining instead of the intended constructive combining can happen between emissions from UE antennas,  and the whole scheme breaks down – beamformed SRS does not provide useful information concerning CSI to the gNB. 

We can see for the proper operation of the non-codebook based operation, full coherence is a prerequisite in this case. And we cannot assume non-codebook based transmisison is equivalent to non-coherence codebook based transmission.

We have
Observation: non-codebook based transmission is not equivalent to non-coherence codebook based transmission.

4. UL interference management

At RAN1 #90bis, the following was agreed:

[bookmark: GrindEQpgref59d13ded16]Agreement:
· Support indicating DL measurement RS for UE to calculate UL candidate precoders for precoded AP-SRS resource via DCI
· The DL measurement RS is a CSI-RS for CSI acquisition
· Specify the following mechanism for DCI signalling:
· Using the same field for AP-SRS resource triggering 
· Association between triggering state, triggered SRS resource(s) and the CSI-RS resource ID is higher layer configured
· Support indicating DL measurement RS for UE to calculate UL candidate precoders for precoded P/SP-SRS resource via higher layer signalling
· The DL measurement RS is a CSI-RS for CSI acquisition
· AP-SRS(s) association with P(>1)-port AP-CSI-RS: 
· AP-CSI-RS can be transmitted in the same slot as the DCI containing AP-SRS trigger. 
· The AP-SRS(s) is transmitted X symbols after AP-CSI-RS. 
· FFS: The scope of X and whether the AP-SRS and AP-CSI-RS can be in the same slot
· AP/SP/P-SRS(s) association with P(>1)-port P/SP-CSI-RS
· Timing of UL precoder calculation based on the associated CSI-RS is up to UE implementation


[image: ]
Figure 6 UL interference management
[bookmark: GrindEQpgref59d13ded17] 
In figure 6, it shows two UEs (UE 1 and UE 2) are respectively attached to gNB 1 and gNB 2. gNB 1 can configure a NZP CSI-RS for UE 1 to measure the DL channel and by reciprocity UE 1 can derive the suitable precoder for SRS/PUSCH. The same goes for gNB 2 and UE 2. If each UE is additionally configured with IMR, e.g. IMR 1 for UE 1 and IMR 2 for UE 2 as shown in Figure 2, each IMR captures the interference from the adjacent gNB. then UE 1 is able to derive an uplink precoder which minimizes transmission towards the direction of gNB 2. In general, the interference visible at each UE is under the control of the network, we see benefits in configuring IMR addition to NZP CSI-RS to derive the precoder for SRS. 
We propose to update the agreement with the following text:
· Support indicating DL measurement RS(s) for UE to calculate UL candidate precoders for precoded AP-SRS resource via DCI
· a CSI-RS for CSI acquisition is included in the DL measurements RS(s)
· An IMR can be included in the DL measurement RS(s)
· The IMR can be either ZP-CSI-RS or NZP-CSI-RS
· Specify the following mechanism for DCI signalling:
· Using the same field for AP-SRS resource triggering 
· Association between triggering state, triggered SRS resource(s) and the CSI-RS resource ID is higher layer configured
· Support indicating DL measurement RS(s) for UE to calculate UL candidate precoders for precoded P/SP-SRS resource via higher layer signalling
· The DL measurement RS(s) is a CSI-RS for CSI acquisition or a CSI-RS for CSI acquisition plus IMR 
· AP-SRS(s) association with P(>1)-port AP-CSI-RS: 
· AP-CSI-RS can be transmitted in the same slot as the DCI containing AP-SRS trigger. 
· AP IMR can be present in the same slot as DCI containing AP-SRS trigger.
· The AP-SRS(s) is transmitted X symbols after AP-CSI-RS. 
· FFS: The scope of X and whether the AP-SRS and AP-CSI-RS can be in the same slot
· AP/SP/P-SRS(s) association with P(>1)-port P/SP-CSI-RS
· Timing of UL precoder calculation based on the associated CSI-RS is up to UE implementation

We have 
Proposal: a UE can be signaled an IMR in addition to CSI-RS for DL channel measurement to derive the uplink precoder for SRS.


5. [bookmark: _Toc494739930][bookmark: _Toc495273198]Conclusion
In this contribution, we discuss UL non-codebook based MIMO transmission. We have
Observation: non-codebook based transmission is not equivalent to non-coherence codebook based transmission.

[bookmark: _Ref465946353][bookmark: _Ref433921106]
Proposal: a UE can be signaled an IMR in addition to CSI-RS for DL channel measurement to derive the uplink precoder for SRS.
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