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1. Introduction
In the 3GPP RAN1 #89 and NR Ad hoc #2 meetings, non-codebook based UL transmission is discussed and the following agreements were achieved [1][2]:
Agreements:

· When the number of transmission ports is less than or equal to 2, frequency selective precoding is not supported for both schemes A and B

· When the number of transmission ports is >2, frequency selective precoding for CP-OFDM can be configured by gNB for both schemes A and B

· FFS how to support/indicate frequency selective precoding (including potentially spec-transparent support)

· Note: frequency-selective TPMI is to be discussed separately

Agreements:

· For PUSCH precoder determination in non-codebook-based UL MIMO, support at least one of the followings: 

· Alt.1: Signalling of SRI(s) only, without TPMI indication in the UL grant

· Alt.2: Signalling of TRI only, without TPMI indication in the UL grant

· Alt.3: Signalling of TRI and a single SRI, without TPMI indication in the UL grant

· Alt. 4: signalling of a single TRI, a single CRI without TPMI indication in the UL grant

· To down-select in the next meeting considering single- vs. multi-panel (companies are encouraged to perform more evaluations)

· Note: this may depend UE’s capability in terms of calibration

In this contribution, we further discuss the candidate non-codebook based UL transmission schemes.
2. UL Transmission Procedures 
2.1.  Reciprocity Scenarios
Typically, after initial access, beam management related procedures are conducted before or along with data transmission. For UL beam management, it may be conducted jointly with downlink beam management, especially for the case with reciprocity.

With downlink P2 procedure, UE reports the corresponding CRIs that have relatively better RSRP or SINR. Based on UE report, the network triggers UE to transmit the UL SRS with corresponding beam indication like CRI.  Based on SRS measurement, the network schedules UE with the corresponding MCS and ranks. For codebook based transmission, SRI and TPMI are also indicated to UE. While for non-codebook based transmission, only SRIs is needed.

2.2. Non-reciprocity Scenarios
For the case that there is no UL/DL reciprocity, UE would need to conduct corresponding SRS based beam management. 

UE may first need to report number of SRS resources needed for each level of beam training. For example, in the following figure. UE may report at the initial stage, two resources are needed for panel training. Then at the second stage, each panel needs four SRS resources for beam refinement.
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Based on multi-stage SRS based UL beam management, the network finds out better UL transmission beams. These information is used to schedule data transmission.
2.3. Partial-reciprocity Scenarios
Partial-reciprocity scenarios are mainly due to the fact that UL Tx chains are less than Rx chains. This is mainly for below 6GHz devices. For above 6GHz scenarios, antenna panels would typically be integrated with transceivers. There is no strong intention to transmit in fewer panels than receive.

For UL transmission in such scenarios, UE could follow the DL Rx measurement. UE autonomous antenna selection should be possible based on UE side information.    
3. Discussion on Alternatives 
Four alternatives are listed for further down-selection. There are advantages and disadvantages for each of the alternatives:
· Alternative 1: Signalling of SRI(s) only, without TPMI indication in the UL grant.
· The advantage of this scheme is that no TRI is needed in UL grant. It is possible to select any possible beam as far as SRI granularity is small. Here SRI granularity means number of beams within one SRS resource.
· The major disadvantage is that there is no way for the network to know which beams could be transmitted together. Unless we define some SRS resource groups/sets and restrict that all resources within the set could be transmitted together, it is not possible for the network to know which resources could be used together for joint transmission.
· Another disadvantage is that the corresponding overhead would be large. If all beams are within one resource, only one SRI is allowed, the left bits are for the selected ports, which would need less bits than anther SRI+ports. 
· Alternative 2: Signalling of TRI only, without TPMI indication in the UL grant
· For the case that there is only one SRS resources activated, it is not necessary to use SRI anymore. TRI could be used to indicate the corresponding beams within the SRI;
· There might be some ambiguity if TRI is smaller than the number of ports within the SRS resource that SRI refers to. One possible way is of course to forbid such scenarios. But TRI would also not be useful. Another way is to specify some rules which beams the network is referring to.

· This alternative could be viewed as special case for alternative 3.
· Alternative 3:  Signalling of TRI and a single SRI, without TPMI indication in the UL grant
· To allow this alternative for multi-panel joint transmission, it should be possible for the SRS to contain within one resource beams from different panels, i.e., ports within one SRS resource could have different QCL relationships. 
· This scheme also suffers similar problem as alternative 2. There are some ambiguities which beams UE should use. The following ways could be considered
· The ports related to the first TRI ports are to be used for the PUSCH transmission; this is more amenable since the corresponding CQI calculation is based on clear definition of precoding at the network side.
· Any ports selected by the UE with UE side information; this choice make it possible for UE to select any beam within the resource. But there might be discrepancy between the precoding the network uses to calculate CQI and the precoding UE actually uses.
· Alternative 4:  Signalling of a single TRI, a single CRI without TPMI indication in the UL grant.
· If reciprocity holds, the network could exploit this feature to simplify uplink training procedure. After DL beam management, UE reports RSRP of different beams. Based on these reports, the network triggers UE to transmit on the beams associated with CRI.
· The most disadvantage of above procedure is that there is no SRS for UL measurement. The interference at the UE side and network side would be different. Thus CQIs could not be accurately calculated. 
· If SRS is scheduled for uplink CQI measurement and the network uses the measurement results for scheduling, then the network could use the SRI for corresponding UL beam indication. 
Based on above discussion, we support alternative 3 with the following update
· The exact UL beams UE uses in UL transmission are the beams of the first TRI ports of the SRS resource SRI refers to. 
Proposal 1: 

· Supports alternative 3 for non-codebook based UL transmission, with the following update:

· The exact UL beams UE uses in UL transmission are the beams of the first TRI ports of the SRS resource SRI refers to. 
4. Framework for Codebook and Non-codebook Based Transmission 
Based on discussion on this contribution and our companion contribution, the framework for codebook and non-codebook based transmission together with SRS transmission behavior should be established.
4.1. Below 6GHz Discussions
It should be possible for UE to select the uplink precoding or select antennas, especially for below 6GHz scenarios. There are several kinds of UEs that need to be discussed for below 6GHz. 

· The first kind is number of Tx chains is 1, while the number of antennas is greater than 1. For such scenarios, antenna selection should be supported. Typically there are two ways for UE to select antennas:

· Spec-transparent: based on UE Rx chain measurement, UE could always find out which antenna is better, antenna switch could be done in a spec-transparent manner;

· Specified: Based on UL SRS switching and network measurement, the network schedules UE to transmit with the antenna that has better channels. Such specified manner falls in the framework of above non-codebook based transmission.

· The second is that there is the same number of Rx chains and Tx chains. For such scenarios, UL precoding could be conducted among multiple antennas. 

· UE could always conduct downlink measurement and based on the measurement, the network schedules UE to transmit precoded or non-precoded SRS. The network should explicitly signal such information to UE in order to align mutual understanding. 

· Based on precoded SRS measurement, the UE could still be scheduled with the corresponding SRI for UL precoding. This also falls in above non-codebook based transmission.

· For the third kind that the number of Tx chains is smaller than Rx chains but greater than 1, it is also possible to conduct the corresponding UL precoding with the original framework. 

For the case that there is no reciprocity, only non-precoded SRS is used and codebook based transmission should be scheduled.
4.2.   Framework
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Based on our discussion, there are typically three steps in the framework:
· Beam Management

· The major purpose of beam management is for the network and UE to adjust the Tx beam and Rx beam toward each other with low overhead, low computation complexity; 
· The major targeting scenarios are above 6GHz scenario. For below 6GHz scenarios, such beam management could also be used to reduce implementation complexity and increase coverage.

· SRS for UL CSI Acquisition
· For the UEs that conducted the first step of beam management, they are configured or triggered to transmit SRS with SRI or CRI gained from beam management procedures;
· For the UEs that does not engage in any beam management procedure, typically UEs below 6GHz, they should be triggered to transmit precoded or non-precoded SRS explicitly. This is necessary because UE would then know how to transmit SRS.

· For non-precoded SRS,  information for needed SRS should be reported;

· For precoded SRS, the corresponding resources that the UE use to generate the UL precoder should be indicated to the UE; 

· For scheduled UL transmission
· UE should be notified whether it is codebook based transmission or non-codebook based transmission or TxD schemes;

· The corresponding DCI interpretation would be different.
5. UL PRB Bundling Size Discussion
For DFT-s-OFDM, PRB bundling size has already been decided. For UL OFDM, there is still some issues to be discussed for UL PRB bundling size.

Currently, there are three kinds of UL transmission schemes under discussion. 

· Codebook based UL transmission : codebook used for transmission is determined by the network. If frequency selective precoding is applied, then the corresponding codebook for each scheduled PRBs or PRB sets would be indicated by the network. Thus the PRB bundling size would be determined implicitly through codebook indication. Or vice versa, PRB bundling size could be explicitly signalled, then the corresponding codebooks would be indicated with the granularity of PRB bundling size.

· Non-codebook based UL transmission : for non-codebook based UL transmission, frequency selective precoding is aslo supported. SRI/CRI indication is frequency dependent. Granularity of such SRI/CRI indication could also be PRB bundling size, or implicitly determine the PRB bundling size. Consecutively scheduled bandwidth could be used for non-codebook based phase continuous UL transmission because UE would be able to obtain consecutive channel state information based on downlink reciprocity. 

· TxD for UL transmission: for TxD schemes, PRB bundling size also determines the granularity of precoder cycling. This value could also be used to switch between small delay CDD and precoder cycling. Multiple beams may be put in a set and indicated to the UE for precoder cycling.

Based on above discussion, the following common framework could be used for the three schemes  

· PRB bundling size is indicated explicitly for UL transmission.

· Another signalling to indicate the transmission schemes ;

· For codebook based Tx, the PRB bundling size is interpretated as the granularity of codebook based precoding; Precoder indication is based on this value ;

· For non-codebook based Tx, the PRB bundling size is also frequency selective granulairity ; SRI/CRI indication is also based on this value ;

· For TxD schemes, the PRB bundling size determines in which granularity to cycle the precoder. Within each bundle, small delay CDD could be used. Furthermore, several SRIs/CRIs or precoders could be indicated to the UE and UE cycles within the set.  

For the values of PRB bundling size, similar considerations as in DL should also be considered.

· Case 1 : specific values selected from a set

· As in DL, this value should also be aligned with REGs for clear UE behavior definition. The considerations in DL, like higher precoder cycling granularity, MU-MIMO scheduling flexibility and precoding gains are also applicable here. The only constraint is that with too small PRB bundling size, the corresponding DCI overhead would be too large for codebook and non-codebook based transmission.

· Case 2 : Consecutively scheduled bandwidth. 

· This is always beneficial, especially in the case of non-codebook based transmission and TxD schemes.

Proposal 2: 

· Support explicit UL PRB bundling size indication in NR:

· For codebook based transmission, codebook granularity is determined by PRB size;

· For non-codebook based transmission, SRI/CRI indication granularity is determined by PRB size;

· For TxD schemes, precoder cycling granularity is determined by PRB size;

Proposal 3: 

· Follow the framework of DL PRB bundling size indication procedures

· Support case 1 and case 2 for UL PRB bundling size values;

· FFS specific values in case 1;

· Support 1 bit DCI to switch between values.

6. Conclusion

In this contribution, beam management and reporting are discussed, and the following proposals are given:
Proposal 1: 

· Supports alternative 3 for non-codebook based UL transmission, with the following update:

· The exact UL beams UE uses in UL transmission are the beams of the first TRI ports of the SRS resource SRI refers to. 

Proposal 2: 

· Support explicit UL PRB bundling size indication in NR:

· For codebook based transmission, codebook granularity is determined by PRB size;

· For non-codebook based transmission, SRI/CRI indication granularity is determined by PRB size;

· For TxD schemes, precoder cycling granularity is determined by PRB size;

Proposal 3: 

· Follow the framework of DL PRB bundling size indication procedures

· Support case 1 and case 2 for UL PRB bundling size values;

· FFS specific values in case 1;

· Support 1 bit DCI to switch between values.
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