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1. Introduction
This contribution describes the following aspects of beam management:
· Beam determination from TCI field
· UL beam management
· L1-RSRP reporting 
· Beam reporting
· Update of the association of TCI states and DL-RS
· QCL indication for CSI-RS for beam management
· [bookmark: _Hlk498724990]UE requesting CSI-RS or SRS for channel acquisition
2. Beam determination from TCI field
R1-1719059   WF on Beam management
…
Proposals: timing issue of beam indications for PDSCH
· Proposal: For the case when at least spatial QCL is configured/indicated, NR supports the beam indication for PDSCH as follows, if TCI field is present:
· The TCI field is always present in the associated DCI for PDSCH scheduling irrespective of same-slot scheduling or cross-slot scheduling.
· If the scheduling offset < threshold K: PDSCH uses a pre-configured/pre-defined/rule-based spatial assumption (details: FFS)
· FFS: The other QCL parameters are still obtained from the N-bit TCI state field in the DCI.
· FFS: How to update pre-configured/pre-defined spatial assumption (if applicable)
· Threshold K can be based on UE capability only if multiple candidate values of K are supported
…

In the last meeting #90b the “WF on Beam Management” outlined in R1-17179059 was agreed. The box above cites the subset of proposals that are relevant for dynamically conveying the gNB beam for a PDSCH through a TCI field present in the scheduling DCI.  This section focuses on the parts highlighted in yellow.
 A threshold K represents an upper bound for the time required by the UE to decode the DCI and prepare a UE beam that is compatible with the beam indicated by the TCI field. If the scheduling offset is greater or equal to K it is agreed that the TCI field indicates the gNB beam used for the scheduled PDSCH. The UE has then enough time to prepare the adequate UE-beam. On the other hand, if the scheduling offset is less than K, the UE cannot prepare a UE-beam for the scheduled PDSCH that depends on any information in the DCI. For this case, the WF suggests usage of a predefined beam or a rule-based assumption. In the following, a proposal is suggested that is based on a rule-based assumption.
2.1 Sticky beam rule
If the scheduling offsets for all DCIs could be chosen no less than K, the beam used for any PDSCH transmit time interval (TTI) can be indicated individually and there would be no need to discuss the case where the scheduling offset is less than K. However, operating with K as the lower bound on the scheduling offset limits the flexibility of the scheduler too much. Its ability to handle low latency traffic is impaired. So, therefore, one should strive to work with small scheduling offset most of the time. This is possible if one exploits the fact that the performance of a beam pair link (BPL) for PDSCH will not change fast and the BPL will need to be switched only occasionally. More precisely, the time between BPL changes is large compared to the duration of a slot. Now, one can schedule the first TTIs after a BPL switch with a scheduling offset no less than K. All other TTIs can be (but do not have it to be) scheduled with a small offset if there is a rule specifying that TTIs with a scheduling offset below K use the same beam as the previous TTI. 
In other words, successive TTIs scheduled with an offset less than K use the same BPL, which has been used for the most recent TTI scheduled with an offset larger than K. That BPL sticks around until it is replaced by another BPL conveyed by a DCI with a scheduling offset larger than K. Therefore, this rule is labeled as the “sticky beam rule”.
Figure 1 shows an example. There, the BPL for data changes from  to . The figure shows 5 DCIs arriving at times  to . They contain TCI fields  and scheduling offsets  and schedule TTIs starting at times . , and  are scheduled with offsets no less than K. Their DCI indicate explicitly the beam or BPL used for the respective TTI.    and  are scheduled with an offset less than K and according to the rule they use the same BPL as the BPL of the previous TTI:  is preceded by  and hence it uses BPL . is preceded by  and therefore it also uses BPL .  could also have been scheduled with an offset less than K and the UE would also have correctly concluded that BPL  is used for it. So, then the goal of minimal usage of “large” scheduling offsets no less than K is achieved, while the UE can correctly determine which BPL is used for each TTI. 


Figure 1:  Example for beam determination with the sticky beam rule 
[bookmark: _Hlk498725008]Observation 1: The sticky beam rule allows the gNB to employ scheduling offsets of less than K for most TTIs.
Principally, the benefits of the sticky beam rule can also be achieved with the concept of a predefined beam as mentioned in the WF from the last meeting. The predefined beam is assumed for TTIs scheduled with an offset less than K. Whenever the BPL for data changes, the upper layers of the UE would change the preconfigured beam to the new BPL. The drawback is that the communication through the upper layers is associated with a lot of delay and therefore defeats the purpose of a dynamic beam indication. 
[bookmark: _Hlk498725030][bookmark: _Hlk498725096]Observation 2: The concept of a predefined beam allows the same benefits as the sticky beam rule but does not allow the same low latencies, defeating the purpose of dynamic beam switching.
2.2 Redundancy in beam indication
A problem with the sticky beam rule is the error propagation after the loss of a DCI that schedules the first TTI after a BPL switch.  For all subsequent TTIs with scheduling offsets less than K, the UE will not apply the correct UE beam. If in the example of figure 1,  is lost, the UE will apply the wrong UE beam for and  (assuming the BPL for the TTI that precedes   is unequal to  
The gNB may stop the error propagation by scheduling at least one TTI with a scheduling offset larger or equal to K, or the gNB schedules two or more TTIs with a scheduling offset larger than K. In figure 1, two TTIs ( and ) are scheduled with an offset no less than K after the BPL for data switched from  to . Error propagation occurs if  and  are lost.
Both solutions involve an increased number of DCIs scheduled with an offset larger or equal to K in exchange for robustness. This can be avoided by utilizing the TCI field of DCIs with a scheduling offset less than K. So far, this field is not used by the UE. If the gNB inserts into this field the indication for the beam it uses for the scheduled TTI, it provides redundancy, which the UE can use to detect lost “critical” DCIs that convey a BPL change.  After the UE decodes the DCI it verifies whether its BPL assumption for the scheduled TTI was correct. If not, the UE knows that it has lost a DCI that indicated a new BPL. The UE is now able to correct its BPL assumption and the benefit of a corrected UE beam will show up at time K after the DCI. 
Figure 2 shows an example for the proposed method. The situation is the same as in figure 1 except that and  now carry also the BPL indication . If were lost the UE will assume the wrong BPL for . After it has decoded , which is in the somewhere in the middle of  it realizes that it should have assumed BPL . It will now change its assumption of the BL of data to be Then the correct UE-beam will be applied for TTIs after  So  will benefit from the correct UE-beam. 

In the following this method is referred to as “redundant beam indication”. 
Figure 2:  Example for beam determination with the sticky beam rule and redundant beam indication
[bookmark: _Hlk498725111]Observation 3: Redundant beam indication enables the UE to detect lost DCIs and to correct the UE-beam for future TTIs. 
Proposal 1: For dynamic beam indication with a TCI field in DCI, NR supports the sticky beam rule as well as the redundant beam indication.
2.3 Non-spatial QCL-parameters 
There appears no reason why the TCI field of the DCI for PDSCH should not convey the non-spatial QCL parameters as they are available in the list of TCI states.
[bookmark: _Hlk498725152]Proposal 2: The TCI field in DCI should also be used to obtain non-spatial QCL parameters associated with the involved BPL
2.4 Application to PUSCH
The dynamic beam indication in conjunction with the sticky beam rule and the redundant beam indication can also be used for beam indications for uplink TTIs. 
[bookmark: _Hlk498725180]Proposal 3: NR should use the same framework for dynamic beam indication for PDSCH and PUSCH. 

3. [bookmark: _Hlk498725222]UL beam management
3.1 gNB indication for SRSR1-1719059   WF on Beam management
…
Proposals: UL beam management
· NR supports gNB configuration of transmitting SRS with same Tx beam across multiple symbols via either of followings
· configuring one SRS resource spanning multiple symbols 
· configuring UE to apply the same Tx beam across the SRS resources in a SRS resource set.
· UE can apply different Tx beams to different SRS resources if it is not configured to apply the same Tx beam across SRS resources in a SRS resource set, where the beams can be determined either (1) via a gNB-transparent way, or (2) via gNB indication.
…



[bookmark: _Hlk498714343]The objectives for beams for the control and data channels are different. For the former robustness of the link in the presence of fading is prioritized over signal to noise ratio (snr). The latter are optimized for snr, but they require higher maintenance in terms of refinement and switching. One result is that, roughly speaking, beams for control channels are “wide” and beams for data channels are “narrow”.
On the downlink, the UE can find the appropriate UE-beam for control and data channels almost autonomously, especially if those channels are transmitted spatially QCL with a periodic DL-RS.  The UE can then over time find the appropriate beam in dependence of its subarray size and the channel. 
On the uplink, the UE-beam selection/refinement is not autonomous and therefore more expensive in terms of airlink resources. Therefore, it makes sense to capitalize on the findings for the downlink beams as much as possible when selecting candidate beams for the uplink.
Based on the reciprocity of the channel, the UE-beams for PDCCH and PDSCH have directivity patterns that are at least suitable candidates for the directivity patterns of UE-beams for PUCCH and PUSCH. That way the effort of finding appropriate patterns on the downlink is reused for the uplink. The UE may have a pool of PDCCH and PDSCH beams associated with different DL-RS. 
Therefore, the gNB indication for SRS should contain a reference to a UE-beam for PDCCH or PDSCH depending on whether UE-beams for PUCCH or PUSCH are discovered or refined. The UE would then select candidate Tx-beams for the SRS resources with directivity patterns that are similar to the directivity pattern of the referenced PDCCH or PDSCH beam. The reference might consist of a reference to a DL-RS and a single bit selecting between the choices “PDCCH” and “PDSCH”. 
[bookmark: _Hlk498720502]Proposal 4:  NR supports a gNB indication for SRS which refers to a UE-beam for PDCCH or PDSCH.
3.2 Further considerations for the selection of UE-beams for PUCCH and PUSCH
In the previous section it was argued that the first step for finding a UE-beam for PUCCH consists of transmitting SRS with a gNB indication that refers to a UE-beam for PDCCH.  After that the gNB evaluates the snr of the best SRS resource and if it is sufficient, the gNB can refer to the UE-beam of this best SRS resource as the appropriate UE-beam for future PUCCH transmissions.  Note, however, that the snr will typically be lower than the snr for PDCCH, since the RF power of a gNB subarray is higher than the RF power of a UE subarray. If the snr turns out to be insufficient, the gNB can refer to a resource of an SRS that operated with a gNB indication referring to a PUSCH beam. 
Using a SRS resource as a reference for the UE-beam for PDCCH or PUSCH has the disadvantage that SRS has to be repeated, whenever the UE changes orientation or if beam pair links fade, have to be refined or replaced, which causes additional latency. Alternatively, the gNB can provision the UE to use a beam that has a directivity pattern similar to a UE-beam for PDCCH or PDSCH. As in the previous section, the beam indication may consist of a DL-RS and a single bit selecting between the choices “PDCCH” and “PDSCH”. Any benefits of updates on the beams for PDCCH and PDSCH translate immediately to the PUCCH beam. Even if a UE is partially reciprocal this can serve to provide an initial PUCCH beam that can be refined later with SRS.
The same thoughts also apply to provision a UE-beam for PUSCH.  
[bookmark: _Hlk498725260]Proposal 5:  NR supports that the gNB can configure the UE to use a UE-beam for PUCCH or PUSCH that has a spatial relationship with a UE-beam for PDCCH or PDSCH.
3.3 Downlink and uplink beam pair links
The gNB configures the UE to use a certain BPL for downlink channels and the same or a different BPL for the equivalent uplink channel. While the latter might be used for UEs with partial or no reciprocity, it is argued here that there are also use cases for UEs with full reciprocity: 
a. The subarray for receiving the best BPL on the downlink might consume a lot of battery power when used for transmitting
b. The subarray for receiving the best BPL on the downlink might not have as much transmit power available than other subarrays of the UE.
For those cases we suggest:
[bookmark: _Hlk494754491]Proposal 6: NR supports the usage of different BPLs for downlink and uplink control and/or data channels.
4. [bookmark: _Hlk498725336]L1-RSRP reporting
In this section, we provide our view on the differential report of L1-RSRP. We will focus on a use case where a UE is requested to feed back the beam indices, and the corresponding L1-RSRP values of the top K beams. The UE can then report the RSRP values in descending order.  The first beam of the report corresponds to the strongest beam and its L1-RSRP is quantized independent of the other L1-RSRPs, which are differentially quantized.  We have mainly considered two types of differential reporting for the L1-RSRP values of the remaining beams
· Method 1: for the remaining beams the difference between their L1-RSRP to the L1_RSRP of the strongest beam is quantized and reported.
·  Method 2: for the remaining beams the difference between their L1-RSRP to the L1-RSRP of the previous beam is quantized and reported.
Given a fixed number of bits for the beam reporting, method 2 will allow for a smaller quantization error than method 1, as the range of the RSRP differences in method 2 is always no larger than that in method 1. Therefore, we propose to support method 2 type differential report for L1-RSRP measurement.
[bookmark: _Hlk498725320]Proposal 7: NR supports differential L1-RSRP reporting according to method 2 for all reports that consist of pairs containing a beam index and a L1-RSRP value.
5. [bookmark: _Hlk498725372]Beam Reporting R1-1719009	Way forward on beam reporting based on CSI-RS for BM with repetition
FFS: Further support additional configuration by down selection from the following two alternatives:
(a) Multiple resource sets, all with repetition = “ON” 
UE reports CSI-RS resource set indicator(s) for CRI feedback
· FFS: Whether set ID(s) are local within a resource setting or global across all resource settings
· (b) Multiple equal-size resource sets, all with repetition = “OFF”
UE reports distinct local CSI-RS resource indicator(s) within one or more resource sets. The UE can assume that the gNB applies the same Tx beams in the same order for each of the sets

· FFS: Dimensioning of the bit width of the UCI field which can carry either CRI(s) or CSI-RS resource set indicator(s)



Alternative (a) is more flexible as it allows to handle the case where one or more gNB beams are repeated differently often. For example, if a first gNB beam is used for 2 resources and a second gNB beam is used in 3 resources, alternative (b) cannot be used. However, alternative (a) can be applied. 
[bookmark: _Hlk498725411]Proposal 8: For beam indication for CSI-RS resources for beam management NR supports the method (a) of having a set of multiple resource sets all with the repetition set to ON.
6. [bookmark: _Hlk498725577]Update of the association of TCI states and DL RSR1-1719059   WF on Beam management
…
Proposals: Update the association of TCI states and DL RS
…
· Proposal
· Initialization/Update of the ID of a DL RS(s) in the RS Set used at least for spatial QCL purposes is done at least via explicit signalling. Support the following methods for the explicit signalling :
· RRC 
· RRC + MAC-CE 
· Implicit Update via “implicit association of the DL RS ID(s) to a TCI state based on measurements by the UE.” is FFS

…



After a P2 beam sweep has been conducted through an aperiodic CSI-RS, the UE will signal to the gNB a report that indicates the best resource of the aperiodic CSI-RS burst. The gNB can then update the TCI state of the channel for which the beam has been refined. The best resource of the aperiodic CSI-RS will be entered as the new spatial QCL parameter. Conducting this through RRC causes a large latency and airlink overhead. The refined beam can then only be used many slots later. This can be circumvented if it is agreed upon that after the UE reports the best P2 beam, both, UE and gNB, update their copy of the list of TCI candidate states and replace all DL RS IDs of the old beam by the DL RS ID of the new P2 beam.   
[bookmark: _Hlk494754475][bookmark: _Hlk498725553]Proposal 9: NR supports implicit update of the table for TCI-states after aperiodic CSI-RS with a P2/P3 beam sweep.
7. [bookmark: _Hlk498725836]QCL indication for CSI-RS for beam management
For aperiodic CSI-RS bursts for beam management the UE requires a QCL indication. Highest flexibility and lowest latency can be achieved if this is signaled via an N-bit TCI field in the DCI that schedules the CSI-RS burst. 
[bookmark: _Hlk494754397][bookmark: _Hlk498725784]Proposal 10: NR supports TCI state indication for aperiodic CSI-RS for beam management as part of a DCI. The TCI indication should be transmitted at least K slots before the aperiodic CSI-RS burst. 
8. [bookmark: _Hlk498725863]UE requesting CSI-RS or SRS for channel acquisition
[bookmark: _GoBack]NR supports that the UE can refine its beam for PDSCH autonomously, especially if this channel is transmitted spatially OCL with a periodic DL-RS. The refinement may also include a switch between UE subarrays. The refinement may have changed the relative phase and amplitudes between the entries of the channel matrix relevant for a MIMO transmission, which may make obsolete a previous report on CSI. Due to the autonomous nature of the UE beam refinement, the gNB will not schedule a CSI-RS transmission, followed by a UE report and an adjustment of the parameters of the MIMO transmission. Hence the MIMO transmission may suffer from reduced performance or even fail. Therefore, we propose that the UE can signal to the gNB a request to schedule the transmission of CSI-RS spatially QCL to the DL-RS for which the UE has conducted a UE-beam refinement.
As described in section 3.2 or proposal 5 the UE-beam for PUSCH may be provisioned to be spatially related to a UE-beam for PDSCH. Then, the autonomous beam refinement mentioned above may impact the UE-beam for PUSCH and the channel matrix for UL-MIMO transmission. Following the thoughts above it makes sense if the UE can signal the request for a SRS transmission for channel acquisition.  
[bookmark: _Hlk498725927]
Proposal 11: NR support that the UE can signal a request for scheduling CSI-RS or SRS. The request contains an indication to a DL-RS as a spatial reference.
9. Conclusions

Observation 1: The sticky beam rule allows the gNB to employ scheduling offsets of less than K for most TTIs.
Observation 2: The concept of a predefined beam allows the same benefits as the sticky beam rule but does not allow the same low latencies, defeating the purpose of dynamic beam switching.
Observation 3: Redundant beam indication enables the UE to detect lost DCIs and to correct the UE-beam for future TTIs. 
Proposal 1: For dynamic beam indication with a TCI field in DCI, NR supports the sticky beam rule as well as the redundant beam indication.
Proposal 2: The TCI field in DCI should also be used to obtain non-spatial QCL parameters associated with the involved BPL
Proposal 3: NR should use the same framework for dynamic beam indication for PDSCH and PUSCH. 
Proposal 4:  NR supports a gNB indication for SRS which refers to a UE-beam for PDCCH or PDSCH.
Proposal 5:  NR supports that the gNB can configure the UE to use a UE-beam for PUCCH or PUSCH that has a spatial relationship with a UE-beam for PDCCH or PDSCH.
Proposal 6: NR supports the usage of different BPLs for downlink and uplink control and/or data channels.
Proposal 7: NR supports differential L1-RSRP reporting according to method 2 for all reports that consist of pairs containing a beam index and a L1-RSRP value.
Proposal 8: For beam indication for CSI-RS resources for beam management NR supports the method of having a set of multiple resource sets all with the repetition set to ON.
Proposal 9: NR supports implicit update of the table for TCI-states after aperiodic CSI-RS with a P2/P3 beam sweep. 

Proposal 10: NR supports TCI state indication for aperiodic CSI-RS for beam management as part of a DCI. The TCI indication should be transmitted at least K slots before the aperiodic CSI-RS burst. 

Proposal 11: NR support that the UE can signal a request for scheduling CSI-RS or SRS. The request contains an indication to a DL-RS as a spatial reference.
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