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

· One of the following UL codebook design principles is down-selected until next meeting.

· Alt1:

· NR supports UL codebook at least for a single panel. 

· Note: This does not preclude the use of components of single panel UL codebook for multi-panel.

· FFS on multi-panel UL codebook

· Whether or not support additional components (e.g., panel co-phase)  

· NR supports a UL codebook optimized for single-panel and support multi-panel via indicating multiple TPMIs

· Focus on single panel based UL codebook design first, then support multi-panel via selecting a panel via SRI or indicating TPMI per SRS resource.

· Alt 2: 

· Focus on designing a common framework UL codebook for single-panel and multi-panel

· Alt 3: 

· Design different UL codebooks for single-panel and multi-panel, respectively.

· Codebook details are FFS 

· Existing LTE codebooks should be considered as baseline.
Conclusion:

· To better understand the tradeoff of uplink cell throughput gain vs. the overhead of control signalling for down-selection, determine the control signalling for frequency-selective precoding after the codebook is defined
In this contribution, codebook based UL transmission is further discussed.
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. Codebook Discussion 
3.1. Single Stage or Multi-stage
The reason why multiple stage codebook is useful is that some specific antenna structure could be exploited. The typical DL dual stage codebook in LTE is because the following normally deployed antennas.


[image: image2.emf]
For UE antenna design, there would be no such regular and normal antenna structure. It highly depends on the UE device design. Restricting UE antenna structure would impose too strong conditions for mass market. Thus there is no strong need for multi-stage codebook design, especially from the perspective of overhead reduction. 

However, even for single stage codebook design, the following two functionalities should be embodied
· Port selection

· Multiple ports are transmitted within a resource, each may be corresponding a specific beam, UE could use the port selection codebook to select the beam;
· Port selection could also be used to select beams across different panels. Further discussion related to this issue is discussed down-below in the next section.
· Port combination
· For the selected beams, there should be some co-phasing coefficient between different beams or different polarizations. 
· Spatially uniform and computationally simple codebook should be used. LTE R8 Householder codebook is good choice. 

It may be argued that the above two functionalities are also two stage design. This depends on whether port selection and co-phasing functionality is separately indicated from the perspective wideband or narrow band. If they are separately indicated, which means that there is possibility that port selection is wideband and co-phasing is narrowband or vice versa, then two stage codebook should be defined. If they are always indicated together with same application bandwidth, then one stage codebook is enough.

From above discussion, we have the following proposal:

 Proposal 1: 

· Consider the following two functionality of UL codebook designs
· Port selection

· Port combination

· Decide whether two stage codebook is needed or not based on whether the above two functionalities are indicated jointly or separately for wideband or narrow band.
3.2. Single Panel or Multiple Panel
UL multiple panel transmission should be supported from the perspective of system performance. Joint transmission through multi-panels codebook at least have the following advantages:

· Diversity gains: different panels would typically have different spatial characteristics. Simultaneous transmission through two panels would weapon UL transmission against fading and interference. If multi-panel codebook is defined, then it becomes possible for the network to indicate to UE about how the beams from the two panels could be combined.

· Multiplexing gains: with UL transmissions from multiple panels would make it possible for multiplexing more data layers. Defining codebooks for how the precoding should be conducted among all the panels would of course make UL transmission matched to channel and would finally increase the spectral efficiency.   
However, the above two gains could also be achieved without definition of codebook across panels. Codebook across UE panels could be viewed as the basic element for coherent multi-panel UL transmission. For non-coherent multi-panel UL transmission, it is always possible for the UE to simultaneously transmit at the two panels. For diversity gains, schemes like small-delay CDD could be used. For multiplexing gains, NC-JT is always possible with gNB scheduling.
There may also be some other side effects for multi-panel codebook. Because there is random phase noise difference between two panels, it is not possible for the multi-panel codebook to accurately reflect the possible phase offset between the two panels. The possible gains of codebook based coherent UL transmission against non-coherent multi-panel UL transmission would largely be sacrificed.
Observation 1: 

· Multi-panel codebook based UL coherent transmission would suffer performance degradation from phase noise difference on different panels. 
Although it seems that coherent combination of beams from multiple panels may not have too much gains against NC-JT, there might still be some other gains for multi-panel codebooks. As discussed in previous section, the defined codebook should have the functionality of port selection. It should first be discussed whether the multi-panel codebook also includes port selection of multi-panel or not.
One of the major issues regarding above port selection among multiple SRS resources is how would the network know whether two beams across different panels could be simultaneously transmitted or not. There are different ways for different scenarios. 
For reciprocity based scenarios, UE determines that the two panels could be used for UL transmission. Based on the DL report, network could schedule with two CRIs for two SRS or one SRS with two ports. For coherent transmission, UE could just transmit SRS with two or more panels. For non-coherent transmission, each panel just transmit in one resource or one group of ports. There needs to be some ways for the UE to explicitly or implicitly indicate which ports or resources could be transmitted simultaneously. 

· One simplest way is that network only assumes ports within one SRS resource could be transmitted simultaneously.  

· Another way is to define novel resource set/group type, within such resource set/group, it is always possible to transmit simultaneously.

The second way is obviously more complicated from specification perspective. The first way seems to be natural. 
For non-reciprocity case, the major difference lies in that CRI could not be used. SRS is used for initial beam management. Then the network still needs to know which could be used for simultaneous transmission. 
· One way is UE could report directly the corresponding information. The absolute labeling of different beams and relationship between beams.
· Another way is within one SRS resource set, different beams are assumed with certain relationship: simultaneously transmitted or not simultaneously transmitted.
· Third way is to limit directly only ports within one resource could be transmitted directly.
· Last way is through some implicit ways. The network is triggering UE to transmit SRS from the coarse beam to relatively finer beam step by step. Based on UE report of needed resources for each step, and through step by step SRI indication, the network could always gain knowledge about the UE antenna structure and whether two beams could be transmitted simultaneously. 
Through combination of last two ways, it is possible to solve the issue of which beams could be transmitted simultaneously.
Thus we propose the following: 
Proposal 2: 

· For codebook based UL transmission 

· Codebook should only be defined within one resource;

· Ports within one SRS resource could have different QCL.

Proposal 3: 

· Port selection codebooks could be defined across multi-panels.
4. 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 4: 

· 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 5: 

· 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.
5. Conclusion

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

· Consider the following two functionality of UL codebook designs

· Port selection

· Port combination

· Decide whether two stage codebook is needed or not based on whether the above two functionalities are indicated jointly or separately for wideband or narrow band.

Proposal 2: 

· For codebook based UL transmission 

· Codebook should only be defined within one resource;

· Ports within one SRS resource could have different QCL.

Proposal 3: 

· Port selection codebooks could be defined across multi-panels.
Proposal 4: 

· 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 5: 

· For UL PRB bundling size, 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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