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1 Introduction
During RAN1#88bis meeting, the following agreement were made on UL beam management [1].
Agreements:
· Confirm the WA from RAN1 AH1701 with the following update:
· NR supports at least one NW-controlled mechanism for beam management for UL transmission(s) 
· FFS the details
Agreements:
· Study whether or not the UE to provide information to gNB to assist UL beam management without UE beam correspondence
· E.g., the amount of SRS resources that is needed to train UE Tx beams, based on DL beam management results if available
· Study whether and how UE to use same transmission power for SRS transmission during one round of beam sweeping
· E.g., derived from beam-specific power control signalling and maximum transmit power
· FFS: spec. impact 
During RAN1#89 meeting, the following agreements were made on UL beam management and SRS transmission [2-3].
Agreements:
· For aperiodic SRS transmission triggered by single aperiodic SRS triggering field, the UE can be configured to transmit N(N>1) SRS resources for UL beam management
· FFS transmit power for the N SRS resources for UL beam management
During RAN1 NR Ad-Hoc #2 meeting, the following agreements were made on SRS transmission [4].
Agreements:
· Support gNB to configure one or more groups where each group contains one or more SRS resource(s) to UE
· Note: different groups may be for different purposes, e.g., one or more groups for beam management, one for DL CSI acquisition, one for UL CSI acquisition, etc.
During RAN1 #90 meeting, the following agreements were made on SRS transmission [5].
Agreements:
· Support UE to provide information to gNB to assist UL beam management
· The information can be a number representing the amount of SRS resources required for UE Tx beam training
· FFS the supported number(s), taking into account performance and implementation complexity aspects
· Note: these set of SRS resources are associated with a set of Tx beams
· FFS: signaling method
· E.g., capability signaling, or msg3, or dynamic signalling
· FFS: impact of multi-panel 
· FFS: if to support the antenna structure with both omni-directional antenna panel and directional antenna panel, whether or not there is any additional impact
Based on these available conclusions and FFS parts, we share our further considerations on the detail design of Sounding Reference Signal (SRS) for beam management. This contribution is revised from contribution R1-1714250.
2 [bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK13][bookmark: OLE_LINK14]	Considerations of SRS design in NR
To guarantee efficient usage of highly directional transmission and reception with the aid of beamforming, SRS can be used for beam management in addition to CSI acquisition. To enable TRP measurement on different TRP Rx beams to possibly change/select inter/intra-TRP Rx beam(s), the same UE Tx beam can be used within a time duration. To enable TRP measurement on the same TRP Rx beam to change UE Tx beam in the case UE uses beamforming, the different UE Tx beam, i.e. beam sweeping, can be used within a time duration. For one UE, one or multiple SRS resources can be configured, where the maximum SRS resource number is related with UE capability. For each SRS resource, it comprises of a set of resource elements within a time/frequency span and N antenna ports (N ≥ 1) allocation. At least 1, 2, 4 adjacent OFDM symbols can be configured for an SRS resource with N antenna port. Based on SRS resource definition, we further discuss the detail design including SRS resource configuration, SRS triggering for beam management and SRS overhead reduction technique.
2.1	SRS resource configuration for beam management
When SRS is used for TRP measurement on different TRP Rx beams, the same Tx beam will be used for a given SRS resource(s). When SRS is used to change UE Tx beam in case of UE beamforming, multiple beams are required to be transmitted. It can be realized by multiple SRS resources or one SRS resource with multiple ports. For multiple SRS resources, different beams are transmitted by different SRS resources. For one SRS resource with multiple ports, different beams are transmitted by different SRS ports. To reduce SRS overhead, the antenna port number for multiple resources can be kept small if the performance of beam management can be guaranteed. Thus, same or swept beamforming can be supported for SRS resources and/or SRS port. UE transmits SRS with swept beam according to gNB’s configuration. It is also understood that while the UE may transmit with same or different precoders in a time interval, the gNB assumption on the gNB’s received beam does not need to be known to the UE nor specified.
Proposal 1:  Same or different beam(s) per SRS resource and/or SRS port is supproted. 
In time domain, 1, 2, 4 adjacent OFDM symbols can be used for SRS transmission with beam sweeping. When hybrid beamforming is used, limit number of beams can be transmitted in one OFDM symbol on account of hardware structure. More than one OFDM is required when candidate beam number is larger than simultaneous transmitted beam number in one OFDM symbol. Thus, TDM should be used for beam sweeping SRS transmission. The OFDM symbol number for SRS transmission can be configured according to actual requirement. For SRS simultaneously transmitted with multiple beams in one OFDM symbol, FDM and/or CDM can be used with combination of TDM to reduce sweeping time delay compared with pure TDM beam sweeping scheme. One example is given in Fig.1, where different OFDM symbols are used for SRS transmission on account of simultaneously transmitted beam number in one OFDM symbol and candidate beam number for beam sweeping. Here, FDM is used for SRS transmission with multiple beams in one OFDM symbol. When beam management SRS for multiple UEs are multiplexed, one common resource pool can be used. In this case, the resource allocation and multiplexing efficiency need being considered.



Fig.1 Example of FDM+TDM for multiple beam sweeping SRS transmission
To assist UL beam management at gNb’ side, it is agreed in RAN1 #90 meeting that UE can provide some information. The information can be a number representing the amount of SRS resources required for UE Tx beam training. But the supported SRS resource number is FFS. Generally, large sweeping beam number is beneficial to achieve the beamforming gain. But the SRS overhead, latency for beam sweeping and realization complexity will be also increased. There is tradeoff between these requirements. In LTE system, 4 DFT beams are used for 2Tx uplink codebook design and 16 DFT beams are used for 4Tx uplink codebook design. To achieve comparable performance with LTE system, 4/8/16 SRS resources can be candidate value used for UE Tx beam training if one SRS resource is used for one beam transmission. For multiple panel cases, multiple beams can be transmitted in one OFDM symbol. It can reduce beam sweeping time. Thus, UE can also report this information i.e. supported simultaneously transmitted beam number, to gNb to assist UL beam management. gNB can manage SRS resources based on the capability of simultaneous multiple beam transmission and measure on SRS resources for multiple simultaneous transmitted beams.
Proposal 2: UE’s capability of the supported simultaneous transmission beam needs to be informed to gNb for UL beam management.
In the frequency domain, SRS can be distributed in wideband or localized in narrowband. In general, localized narrowband SRS transmission will reduce the impact to other UEs. Especially, when multiple OFDM symbols are used for beam management SRS transmission, the impact to other UE needs being paid more attention. Furthermore, the narrowband transmission is also more suitable for power limited case because of smaller transmission bandwidth. The measurement accuracy is also better on account of larger density for RS. Yet, the bandwidth for narrowband SRS needs to be specified to guarantee the receptions performance. Generally, cell edge UE may need more SRS time frequency resource to meet the measurement performance requirement. It can be realized by more frequency resource, i.e. PRB and/or time resource, i.e. transmission opportunity.
Proposal 3: Narrowband localized transmission is used for beam management SRS.
In power domain, NR supports beam specific power control as baseline. Separate power control process can be supported for transmission of different channel/RS (i.e., PUSCH, PUCCH, SRS). For beam management SRS, multiple OFDM symbols may be used for beam scanning. The same SRS transmit power can be used to make fair comparison between candidate beams. For heterogeneous network, the transmission power of SRS for CSI acquisition may be different on account of different location of TRPs. But for beam management SRS, it is not easy to determine difference coming from different location and different beams. Thus, it will be more complex to introduce the power adjustment part related to TRP location. It will be a more realizable scheme with joint consideration with TRP selection and beam selection in uplink beam management. Thus, we propose to use the same transmit power for SRS transmission during one round of beam sweeping in both homogeneous and heterogeneous network. In detail, the same power control parameters, including Po, alpha and pathloss will be common for all the candidate beams and used for SRS power control. For example, the common parameters, i.e. Po, alpha and the beam pair index for pathloss measurement could be configured by gNB. Since accurate beam selection is important for obtaining good link quality and reliable transmission, the transmit power for beam management SRS is desirable to be guaranteed to some extent. Thus, the power scaling scheme should be further considered when beam management SRS is transmitted simultaneously with other channels or signals, e.g. periodic CSI acquisition SRS.
Proposal 4: The same transmit power and same power control parameters are used for SRS transmission during one round of beam sweeping. 

2.2	 SRS triggering for beam management 
TRP Rx beams and/or UE Tx beams can be dynamically changed when UE’s location is changed. When channel reciprocity does not exist, SRS can be transmitted to assist beam management. One NW-controlled mechanism for beam management for UL transmission is supported in NR. gNB can get the link quality information by UE reporting, such as RSRP/RSRP and/or CSI. When gNB finds the link quality for the monitored beams are not good, it can trigger aperiodic SRS transmission for beam management. For aperiodic SRS transmission triggered by single aperiodic SRS triggering field, UE can be configured to transmit N(N>1) SRS resources for UL beam management. To meeting variable beam precision, including transmission number for RX beam sweeping, multiple states can be used for triggering signaling, where UE specific SRS configuration can be linked with each state. On account of tradeoff between sweeping delay and robustness of beam management, one orthogonal beam subset with desired spatial granularity can be linked for one state. Similar as SRS triggering for CSI acquisition, 1 or 2 bit dynamic signaling can be used for SRS triggering for beam management. Tab.1 gives one example for 2 bit dynamic signaling triggering, where flexible beam sweeping can be supported by selection for 3 SRS parameter sets. To guarantee robustness of beam management, the SRS linked with 1st SRS parameter set can be transmitted with multiple orthogonal beams for good spatial coverage. When multiple shots are used for SRS transmission, the number of shot needs to be included in the parameter set configured by high layers.
Table1. Beam management SRS request value
	Value of SRS request field
	Description

	’00’
	No beam management SRS trigger

	‘01’
	The 1st SRS parameter set configured by higher layers

	‘10’
	The 2nd SRS parameter set configured by higher layers

	‘11’
	The 3rd SRS parameter set configured by higher layers



Proposal 5: 1 or 2 bit dynamic signalling is used to trigger aperiodic SRS for beam management.
2.3	 Some practical considerations on SRS transmission from multiple UE categories
There have been discussions on various UE capabilities in terms of latency in performing beam switching for UL SRS transmission. In other words, some UEs are capable of switching the beam in every OFDM symbol, some UEs are requiring more time, for example 1 additional symbol to switch the beam. This means that because of this “slow” UE category, the gNB needs to keep the same beam direction for two OFDM symbols, or in any case, every second symbol becomes somehow obsolete as some UEs do not need to transmit anything while others cannot transmit as they are switching the beam. There are several options to address the issue of multiplexing UEs with different SRS switching capabilities. One option is to multiplex such different UE categories, but this implies a heavy burden on the gNB sweeping efficiency which is drastically reduced. A second option is to simply allow the low capability UEs less sounding options, based on the principle that if a UE has lower beam switch capability it needs to pay the correct price in terms of system access and should not hurt all the other co-existing UEs. Such operation could also be performed on wider beams so that the need for UL sweeping is reduced.
Proposal 6: UEs with different beam switching capability should not be multiplexed within the same slot at least for beam sweeping SRS transmission. 

Another practical question is how to handle the UEs reporting beam non-correspondence. First of all, the beam correspondence bounds need to be defined by RAN4. This means that in practice the beam correspondence would contain some margin error. RAN1 has agreed that the RACH procedure is designed for all UE states, hence a single design will support w/ and wo/ beam correspondence UEs. This means that the UE could declared beam non-correspondence in connected mode, the question is when the beam non-correspondence is declared and what measures are taken from that point. The most robust mechanism for identifying the UE that is not responding is to design triggers for RACH access. In the previous RAN1 meeting we have agreed that when UE beam correspondence does hold, the system supports UL RS indication for a configured SRS resource, where UE transmits the SRS using the beam used for transmitting the indicated UL RS. This agreement has two alternatives for applicability: In a first alternative, the UE had beam correspondence but this was lost and now the UL SRS is indicated on a beam which was acquired under beam correspondence assumption. We think that in fact such configuration has little value as when beam correspondence is lost, prior beam knowledge is also lost. The second alternative is when the UE reports from the very beginning that it cannot hold beam correspondence, hence after performing RACH (where the UE would need to be compliant with some form of beam correspondence). This is also an unclear case where we might be in the impossibility of configuring an UL beams which has not been discovered. For solving the case of beam non-correspondence, we see a single solution, the UE needs to perform UL sounding with: 1. UL beams used in RACH, or 2. UL wide beams. 

Proposal 7: The NW should be able to indicate wide beam or UE selected RACH beam based uplink sounding to a UE declaring beam non-correspondence. 
In addition, the UE is likely to utilize different beam widths during its reception, starting from wider beams in initial access and getting to narrow beams in connected mode. The beam width changes are likely to be adaptive and have different degrees of errors, this being tightly linked with the beam width. In other words, for a wide beam there is less error compared to the narrow beams. As RAN4 is going to define error margins in which the UE would be considered as having beam correpondence, it is the UEs reposibility to maintain the beamwidth which stays in such defined bounds. Hence the UE should not narrow the beam which cannot sustain the RAN4 beam correspondence levels. If for example the UE is prone to losing the beam correpondence due to temperature fluctuations, in such a case it should use wider beams, compliant with the beam correpondence error margins.  

Proposal 8: It is UEs responsibility to maintain the UE RX beamwidth satisfying error margin of beam correspondence which is defined by RAN4.

2.4	 SRS overhead reduction scheme 
Since many candidate uplink and downlink beams may be used for uplink transmission, beam sweeping for SRS transmission can be used for uplink beam management. To reduce SRS overhead, some enhanced schemes, such as IFDMA, new numerology with larger subcarrier spacing, etc. are proposed. For these schemes, it has the benefit of overhead reduction because multiple beams are multiplexed in one OFDM symbol and thus small number of OFDM symbol can be used for SRS transmission from system view. It can also reduce latency relative to multiple symbol SRS scanning since multiple beams can be scanned in one OFDM symbol and the scanning speed is increased. However, the following aspects need further consideration. The first is the uplink coverage issue caused by power reduction. If the same bandwidth is used for SRS transmission, the SRS transmission power for enhanced scheme will be scalable by scanned beam number in one OFDM symbol. The enhanced scheme with large subcarrier spacing will have additional power loss relative to IFDMA on account of CP in each short OFDM symbol. The second is the robustness to frequency selectivity. With reduced CP length, the impact of channel frequency selectivity on the accuracy of beam management needs further investigation. The third is the implementation issue, i.e. switching time for hardware implementation, AGC speed, etc. Before evaluation, the beam switching time at gNB’s side and UE’s side on account of hardware implementation should be clarified firstly. Also, the AGC training issue has to be considered for supporting partial symbol beam sweeping.  Furthermore, according to agreements in 3GPP RAN1 NR Ad-Hoc #2 meeting on CSI-RS transmission for downlink beam management, CSI-RS with sub-time units smaller than an OFDM symbol in a reference numerology is not supported for beam management in Rel-15. Since the hardware capability at UE’s side is not stronger than that at gNB’s side generally, it is reasonable that SRS with sub-time units smaller than an OFDM symbol in a reference numerology is not supported for beam management in Rel.15. In future release, IFDMA based enhanced scheme can be considered because of good flexibility for UE RX/TX beamformer training.
Proposal 9: SRS with sub-time units smaller than an OFDM symbol in a reference numerology is not supported for beam management in Rel.15.
Proposal 10: IFDMA based enhanced scheme is considered for future release because of good flexibility for UE RX/TX beamformer training.
3 	Conclusions
Based on above discussion we make the following proposals and observations:
Proposal 1: Same or swept beamforming is supported on SRS resources and/or SRS ports for beam management.
Proposal 2: UE needs to provide assistant information of the supported simultaneously transmitted beam number to gNb for UL beam management.
Proposal 3: Narrowband localized transmission is used for beam management SRS.
Proposal 4: The same transmit power and same power control parameters are used for SRS transmission during one round of beam sweeping. 
Proposal 5: 1 or 2 bit dynamic signalling are used for aperiodic SRS triggering for beam management.
Proposal 6: UEs with lower beam switching capability are not TDM multiplexed with UEs with higher beam switching capability but they are rather using wider beams for sounding.
Proposal 7: UEs declaring beam non-correspondence are configured with UL beams used in RACH or UL wide beams. The NW should be able to indicate wide beam utilization to a UE declaring beam non-correspondence.
Proposal 8: It is UEs responsibility to maintain the UE RX beamwidth which is in the error margin of beam correspondence as defined by RAN4.
Proposal 9: SRS with sub-time units smaller than an OFDM symbol in a reference numerology is not supported for beam management in Rel.15.
Proposal 10: IFDMA based enhanced scheme is considered for future release because of good flexibility for UE RX/TX beamformer training.
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