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1	Introduction
The Phase II email discussion on MIMO enhancements for Rel-17 is currently ongoing. In this contribution, we would like to highlight and further elaborate the scenarios and use cases for what we believe should be the focus of the Rel-17 MIMO work.
[bookmark: _Ref178064866]2	Discussion
2.1	Enhanced support for intra- and inter-cell mobility
When the UE moves from one cell to another, a handover is performed. The UE is configured to perform event-triggered reporting of the quality of its serving cell as well as the potential target cells: the UE filters the L1 measurements, and only if the filtered measurement is above a certain threshold, the UE decides to send a measurement report. To send the measurement report, the UE requests UL resources using a normal scheduling request, and after being granted resources, the UE sends an RRC measurement report.
When the network receives the measurement report, it transmits an RRC reconfiguration with sync message to the UE. Upon reception of the message, the UE initiates a random access procedure with the target cell. Once the handover procedure is complete, the target cell confirms that the handover is complete.
The handover procedure is completely general: it applies to essentially any configuration for serving and target cells. However, it relies on transmission of rather large messages at the cell edge, where the channel conditions are bad, and getting worse. The procedure also leads to noticeable interrupts in the transmission when the UE access the target cell. During Rel-16, RAN2 has worked on two concepts to reduce these issues, conditional handover (CHO) and dual active protocol stack (DAPS). Both solutions have limitations: CHO reduces the network control of the handover procedure, and DAPS leads to complex UE implementations in particular for the most common scenarios. 
To support antennas with many narrow beams in NR for FR2, beam management procedures were introduced. Beam management contains RSRP reporting on L1 to facilitate fast and low-complexity beam reporting, and a set of signalling mechanisms to provide the UE with information to assist the UE demodulation, as well as instructions for the UL transmission.   
The network typically bases the selection of DL Tx beam on RSRP measurements of DL reference signals, either SSBs, periodic, semi-persistent or aperiodic CSI-RS. The reporting is typically performed over PUSCH, based on UL grants sent by the network. 
To assist UE demodulation, Release-15 introduced signalling mechanisms of TCI states. A TCI state contains pointers to two reference signals that the UE may use when demodulating or receiving other signals. One of the RSs in the TCI state contains the spatial Rx information, i.e., information to assist the UE to choose Rx beam. The network also provides the UE with instructions on how to transmit in UL, by providing so-called spatial relations for the different UL channels. A spatial relation is defined by an UL or DL reference signal. In addition, the network would have to update the pathloss reference RS used for UL power control when the UE moves. Updating the TCI states, spatial relations and pathloss reference RS is performed using a combination of MAC CE and DCI. 
In Figure 1, the difference between the mobility situation are illustrated.
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[bookmark: _Ref23750076]Figure 1: An example of mobility for two UEs. UE1 relies on beam management procedures when moving within the cell, whereas UE2 relies on handover procedures when moving between cells.	
The beam management procedures are clearly more lightweight and hence faster than the corresponding handover procedures:
[bookmark: _Toc24131327]The beam management procedures are more lightweight than the handover procedures. 
As described above, the beam management procedures involve performing RSRP measurements on RSs, and also to signal TCI states, spatial relations and pathloss reference RSs to the UE. In Release-16, all these RSs are implicitly related to a serving cell: there is no possibility to include a reference to an RS in a non-serving cell in a TCI state. As the TCI states are used also when performing measurements on CSI-RS, performing measurements on CSI-RS for beam management is not supported either.
[bookmark: _Toc24131328]The Release-16 beam management procedures can only refer to RSs that are related to a serving cell.
This limitation is somewhat artificial: the UE already today synchronizes and performs measurements on SSBs in non-serving cells, as part of handover procedure. Since the UE synchronizes to an SSB from a non-serving cell, the UE derives the QCL-TypeC properties of that SSB and could use these QCL-TypeC properties to demodulate other reference signals. In fact, the UE already performs measurements of L1-RSRP also for non-serving cells, but the specification does not provide any possibility for the UE to report these measurements:
[bookmark: _Toc24131329]The limitation that the beam management procedures only refer to RS related to a serving cell is artificial, and UEs already today have support for at least some of the functionality related to inter-cell beam management.
There is a justifiable concern in RAN1 that the beam management procedure may be too slow. The measurement, reporting and signalling required to handle the UE mobility may indeed become problematic for high UE speeds in combination with a large number of narrow beams. For example, if a UE travelling at 85mph passes 50 meters from a gNB with 20 horizontal beams, the UE travels through one beam in around 140ms.
[bookmark: _Toc24131330]Already for a moderate number of beams, a UE may pass through one beam in around 140ms, leading to a challenging problem for the beam management algorithms.
However, the beam management algorithms are much faster than the handover signalling: the currently specified beam management procedures may take up to a few 10s of ms, dominated by the measurement time. There is no interrupt when moving from one beam to another. In contrast, the handover procedures may take a few 100ms, still dominated by the measurement time. The resulting interrupt will be in the order of a few 10s of ms. From an end-user performance point of view, it does not make sense to focus only on the intra-cell mobility, since the inter-cell mobility is slower and leads to larger interrupts:
[bookmark: _Toc24131331]There is little point in studying only intra-cell mobility, since inter-cell mobility is more problematic.
We share the view that the Release-16 beam management procedures are still too clunky. It is relevant to streamline the Release-16 procedures, building on what is already specified. The flexibility that is inherent in the Release-15 specification should be trimmed to support the most common deployment cases and facilitate operation at high UE speeds and narrower beams:
[bookmark: _Toc24131332]The Release-16 beam management procedures need to be further streamlined to facilitate operation at higher UE speeds and narrower beams.
Yet another point to note is that NR will be evolved to even higher carrier frequencies and also to other use cases, e.g., NTN, where the beams will be narrower and speeds higher. Designing faster beam management solutions with less overhead is thus very important. When doing this streamlining, the additional functionality needed to support also inter-cell mobility beam management should be introduced as well.
[bookmark: _Toc24131337]In Release-17, streamline the beam management procedures to facilitate operation for higher UE speeds and new use cases.
[bookmark: _Toc24131338]The Release-17 beam management procedure should support also inter-cell operation.
We note that the beam management procedures were introduced with FR2 in mind. However, the procedures apply also to FR1: L1-RSRP reporting, signalling of TCI states and pathloss reference RSs apply also to FR1. Anything that is specified for FR2 is also applicable to FR1.
Finally, we note that to define inter-cell beam management, RAN2 involvement is crucial. 
2.2	Multi-TRP
2.3.1      Support of DL SPS
In NR Rel-16, different Multi-TRP URLLC schemes were introduced to improve PDSCH reliability/latency reduction.  But the focus in Rel-16 was on dynamically scheduled PDSCH reception.  Many URLLC/IIoT services are known to be characterized by periodic traffic patterns.   In Rel-16, for IIoT (Industrial Internet of Things) support, it has been agreed that multiple DL SPS configurations can be simultaneously active on a BWP of a serving cell.  Separate activation, as well as separate release, for different DL SPS configurations is to be supported for a given BWP of a serving cell. The motivation is for example that different IIoT services may have different periodicity.  Given Rel-16 multi-TRP URLLC schemes only support dynamically scheduled PDSCH reception, the support of multi-TRP URLLC schemes for DL SPS should be introduced in Rel-17 to extend the benefits of multi-TRP URLLC for IIoT services.  Hence, we propose
[bookmark: _Toc24131339]In Release-17, the support of multi-TRP URLLC schemes for DL SPS should be introduced to extend the benefits of multi-TRP URLLC for IIoT services.
2.3.2      Enhancements for PDCCH, PUCCH, and PUSCH
In NR Rel-16, although the original intention was to consider PDSCH/PDCCH/PUCCH an PUSCH enhancements for URLLC, only PDSCH enhancements were introduced for multi-TRP URLLC due to lack of time.  Hence, improved robustness and reliability for PDCCH, PUCCH, and PUSCH should be considered as part of multi-TRP URLLC in NR Rel-17.  These enhancements should primarily target FR2 operation and multi-TRP as FR1 operation in most cases is a special case of FR2 features.  For PUSCH Multi-TRP enhancements, both single-DCI based PUSCH scheduling and configured grant based PUSCH should be considered.  Multi-DCI based PUSCH scheduling can be left out as the focus is mainly on scenarios with ideal backhaul in which case single-DCI based PUSCH scheduling is sufficient.  However, for PDCCH repetition, multi-PDCCH reception (i.e, multi-PDCCH yet single DCI) can be considered.  Hence, we propose 
[bookmark: _Toc24131340]In Release-17, Specify enhancement(s) on PDCCH/PUCCH/PUSCH reliability and latency in FR2 for multi-TRP case and multi-panel case at UE (using TDM:ed panel transmission), where specified solutions can be used also in single TRP case and/or in FR1.
2.3.3 CSI enhancements for multi-TRP URLLC
In NR Rel-16, CSI enhancements for multi-TRP URLLC were not considered.  Hence, this must be addressed in NR Rel-17, although we think the overall link adaptation for URLLC with multi-TRP needs to be better understood first.  Hence, studies of CSI enhancements for Multi-TRP URLLC should first be performed and if sufficient benefits are found such CSI enhancements can be specified in NR Rel-17.
[bookmark: _Toc24131341]In Release-17, study the benefits of CSI enhancements for multi-TRP URLLC and, if found beneficial, specify CSI enhancements for multi-TRP targeting URLLC/IIoT operation.

2.3	SRS enhancements
2.3.1      Enhanced aperiodic SRS offset to improve reciprocity based operation in TDD
The time between the trigger of an aperiodic SRS and the SRS transmission is an RRC configured value k, i.e. the slotoffset parameter, for each SRS resource set. The number of SRS sets that can be configured for DL CSI acquisition is very limited (maximum two). 
This means that the SRS must be triggered in specific slots since the distance to an UL slot is fixed in a semi-static TDD configuration. In contrast, we don’t have such rigid timing restrictions in LTE. 
The consequence is that aperiodic SRS may not be able to be triggered when needed, e.g., due to PDCCH congestion, lack of an UL or DL grant, etc. This becomes a PDCCH capacity bottleneck for reciprocity-based MU-MIMO operation where it is beneficial to trigger SRS for multiple candidate co-scheduled users to transmit SRS at the same time. 
[image: ]
Figure 2 The static slot offset for aperiodic SRS leads to PDCCH congestion (upper), while if LTE approach is applied, the PDCCH load can be distributed (lower).

Hence, we propose
[bookmark: _Toc24131342]In Release-17, improve the flexibility for triggering aperiodic SRS so that many UEs can transmit SRS in the same uplink slot, although the triggering grants to these UEs can be transmitted in multiple downlink slots in order to distribute the PDCCH load.

2.3.2   	Enhancement to avoid duplicated SRS configurations for same purpose in reciprocity based TDD
Currently, NR restricts an SRS resource set to be configured as either “codebook” or “antennaSwitching”. For reciprocity-based operation, and for UEs that support full reciprocity, e.g. “2T=2R” then the gNB still have to configure two SRS resource sets for this UE, one to support UL MIMO and one to support DL MIMO, i.e. “codebook” and “antennaSwitching” respectively. The reason is that the specification allows the UE to perform different antenna virtualization for these two SRS resource sets. Hence, the SRS measurements performed on the SRS resource set configured for “codebook” cannot be used to obtain channel estimations for DL CSI acquisition.
This implies that two SRS resource sets must be configured in this, very typical, mode of operation, which is unnecessary in terms of overhead. We thus propose:
[bookmark: _Toc24131343]In Rel-17, introduce a mechanism to allow, in some circumstances, to use the same, single, SRS resource set for both UL MIMO codebook operation and DL CSI acquisition operation.  

2.3.3	Enhancement to SRS coverage and flexibility
In general, SRS functionality needs to be enhanced. In LTE, SRS transmissions with many more OFDM symbols than four is supported, and NR can also adopt this feature to enhance coverage. Another possible enhancement is to allow cross-slot and cross-resource interpolation of SRS transmissions, so that gNB can combine SRS measurements from multiple such SRS resource transmissions. Conditions when gNB may be able to this needs to be established. In addition, when triggering a narrowband aperiodic SRS transmission with frequency hopping, and where the total hopping bandwidth doesn’t cover the whole user specific bandwidth, there are some resource blocks that never are sounded. Methods to overcome this issue and to increase the flexibility of the used frequency resources for an aperiodic SRS transmission can be studied in Release 17, and if beneficial specified. 
2.4	Fast CSI acquisition
2.4.1	New CSI timeline requirement  
The Rel-15 CSI timeline requirement defines three CSI Latency Classes: Low Latency, High Latency and Beam reports. Low Latency CSI is defined as wideband CSI with up to 4 antenna ports in a single CSI-RS resource while the remainder is classified as High Latency CSI. At least in FR1 operation, the gNB is almost always interested in attaining CSI corresponding to a large number of antenna ports and/or subband CQI/PMI, which would be classified as High Latency CSI.
[bookmark: _Toc24131333]The majority of all triggered CSI will be of the High Latency CSI class
The High Latency CSI class require at lest  symbols between the last symbol of the triggering PUCCH and the PUSCH whereon the CSI is carried, according to Table 1, for the UE to commit to calculating the CSI. This value can be quite large. For 30kHz SCS, a slot offset of 6 slots between PDCCH and PUSCH is required. By contrast, the regular PUSCH timeline requirement for when only UL-SCH is carried by the PUSCH is given by , also summarized in Table 1. For 30kHz SCS, this only corresponds to a slot offset of 1 slot.
Table 1: Comparison of CSI timeline requirement and PUSCH timeline requirement
	

	CSI timeline requirement 
	PUSCH timeline requirement 

	
	Z2 (symbols)
	(slots)
	N2 (symbols)
	(slots)

	0
	40
	3
	10
	1

	1
	72
	6
	12
	1

	2
	141
	11
	23
	2

	3
	152
	11
	36
	3



The substantially larger timeline requirement for CSI than for regular UL data creates several problems for the UL/DL scheduler. The PUSCH resource for a user that require CSI transmission need to be pre-booked 6 slots in advance, which effectively gives much higher priority for CSI than for UL data. This means that URLLC UL traffic for other users cannot be transmitted in the pre-booked slot. The same reasoning also applies for UE itself. Since out-or-order PUSCH scheudling is not supported, the UE cannot be scheduled with any PUSCH transmission carrying only UL-SCH in slots n+1, n+2, n+3, n+4 or n+5, if it is scheduled with a CSI report in slot n+6. This restriction has effects that ripples over to problems in both downlink and uplink scheduling.
[bookmark: _Toc24131334]The CSI timeline requirement is substantially larger than the PUSCH timeline requirement. This causes complications and inefficiencies in both the UL  and DL scheduling.
It should be noted that the CSI timeline requirement was dimensioned assuming the UE needs to have sufficient time to simultaneously calculate 5 concurrent CSI reports, i.e. assuming CA operation. In single-CC operation, the gNB may typically only trigger a single concurrent CSI report and even in the CA case the gNB can TDM the CSI reports for the different CCs. In this case, it is likely that CSI report could be delivered in much shorten time. Additionally, there was discussion in Rel-15 of introducing an advanced CSI processing capability analogous to the advanced PDSCH/PUSCH timeline capabilities, however it was postponed due to lack of time. In Rel-17, advanced CSI timeline capability or new timeline requirement for single CSI report should be considered.
[bookmark: _Toc24131344]In Rel-17, introduce new CSI timeline requirement for single triggered CSI report or an advanced CSI timeline capability
2.4.2	Early CSI reporting
With link adaptation, the adjusts the modulation and coding schemes to match the instantaneous channel conditions. In DL, the adaptation is based on CSI reports from the UE. The UE performs measurements on CSI-RS and send the measurement to the NW. The UE cannot perform any measurements or send any CSI report to the network until the RRC configuration has been completed. Before that, the network would have to assume that the UE is at the cell border and is forced to use quite robust modulation and coding scheme.
The four-step random access procedure is depicted in Figure 3.
[image: ] 
[bookmark: _Ref4748451]Figure 3: Four step random access.
In RAR, the NW may include a CSI request: there is a bit reserved for that purpose, as described in Table 8.2-1 in [1]. However, there is no description what that bit would be used for. The CSI request field was introduced in NB-IoT, with the purpose to aid the PDCCH link adaptation: the UE would provide the NW with a CSI report already in Msg3. This is described in [2][3].
We propose to introduce such CSI reporting also for NR: 
[bookmark: _Toc4766658][bookmark: _Toc24131345]Support CSI reporting in Msg3 triggered by the CSI request bit in the RAR grant, both for contention-based and non-contention-based random access. 
For non-contention-based access, the network knows which UE sent the PRACH preamble, and knows the RRC configuration of that UE: the RRC configuration in the new cell has been provided in the RRCReconfigurationWithSync. Thus, the 
[bookmark: _Toc4766659][bookmark: _Toc24131346]For non-contention-based access, the UE reports CSI according to a specific CSIReportConfig conveyed in the RRCReconfigurationWithSync. 
Clearly, the UE would only be capable of reporting valid CSI for some CSI resource configurations: the reference signal must be periodic, and the UE must have time to perform a measurement on the CSI-RS:
[bookmark: _Toc4766656][bookmark: _Toc24131335]Only certain CSI resource configurations would be relevant for early CSI reporting. 
For contention-based access after handover, the network does not know the identity of the UE sending the PRACH, and the network does not know the configuration of the UE. Asking the UE to report CSI according to a certain CSIReportConfig will not work in this case.
Instead, for contention-based access, the UE can be asked to report CSI according to a default configuration. This is similar to the procedure specified for NB-IoT:
[bookmark: _Ref4754489][bookmark: _Toc4766660][bookmark: _Toc24131347]For contention-based access, the UE reports CSI according to a default CSI report configuration.
For the default configuration mentioned in Proposal 11, the UE could only use the reference signals known before the handover: the SS/PBCH block of the CSI-RS for mobility. Furthermore, the UE cannot be provided with any specific interference measurement resource (IMR):
[bookmark: _Toc4766657][bookmark: _Toc24131336]The CSI resource configuration for the default CSI report configuration would only contain a channel measurement resource that is known to the UE and no interference measurement resource.
 
Conclusion
In the previous sections we made the following observations: 
Observation 1	The beam management procedures are more lightweight than the handover procedures.
Observation 2	The Release-16 beam management procedures can only refer to RSs that are related to a serving cell.
Observation 3	The limitation that the beam management procedures only refer to RS related to a serving cell is artificial, and UEs already today have support for at least some of the functionality related to inter-cell beam management.
Observation 4	Already for a moderate number of beams, a UE may pass through one beam in around 140ms, leading to a challenging problem for the beam management algorithms.
Observation 5	There is little point in studying only intra-cell mobility, since inter-cell mobility is more problematic.
Observation 6	The Release-16 beam management procedures need to be further streamlined to facilitate operation at higher UE speeds and narrower beams.
Observation 7	The majority of all triggered CSI will be of the High Latency CSI class
Observation 8	The CSI timeline requirement is substantially larger than the PUSCH timeline requirement. This causes complications and inefficiencies in both the UL  and DL scheduling.
Observation 9	Only certain CSI resource configurations would be relevant for early CSI reporting.
Observation 10	The CSI resource configuration for the default CSI report configuration would only contain a channel measurement resource that is known to the UE and no interference measurement resource.
[bookmark: _GoBack]
Based on the discussion in the previous sections we propose the following:
Proposal 1	In Release-17, streamline the beam management procedures to facilitate operation for higher UE speeds and new use cases.
Proposal 2	The Release-17 beam management procedure should support also inter-cell operation.
Proposal 3	In Release-17, the support of multi-TRP URLLC schemes for DL SPS should be introduced to extend the benefits of multi-TRP URLLC for IIoT services.
Proposal 4	In Release-17, Specify enhancement(s) on PDCCH/PUCCH/PUSCH reliability and latency in FR2 for multi-TRP case and multi-panel case at UE (using TDM:ed panel transmission), where specified solutions can be used also in single TRP case and/or in FR1.
Proposal 5	In Release-17, study the benefits of CSI enhancements for multi-TRP URLLC and, if found beneficial, specify CSI enhancements for multi-TRP targeting URLLC/IIoT operation.
Proposal 6	In Release-17, improve the flexibility for triggering aperiodic SRS so that many UEs can transmit SRS in the same uplink slot, although the triggering grants to these UEs can be transmitted in multiple downlink slots in order to distribute the PDCCH load.
Proposal 7	In Rel-17, introduce a mechanism to allow, in some circumstances, to use the same, single, SRS resource set for both UL MIMO codebook operation and DL CSI acquisition operation.
Proposal 8	In Rel-17, introduce new CSI timeline requirement for single triggered CSI report or an advanced CSI timeline capability
Proposal 9	Support CSI reporting in Msg3 triggered by the CSI request bit in the RAR grant, both for contention-based and non-contention-based random access.
Proposal 10	For non-contention-based access, the UE reports CSI according to a specific CSIReportConfig conveyed in the RRCReconfigurationWithSync.
Proposal 11	For contention-based access, the UE reports CSI according to a default CSI report configuration.
 

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref4746959][bookmark: _Ref174151459][bookmark: _Ref189809556]3GPP TS 38.213, NR; Physical layer procedures for control, RAN#85, V15.7.0, September 2019
[bookmark: _Ref4753385]3GPP TS 36.133, Requirements for support of radio resource management, RAN#85, V15.7.0, September 2019
[bookmark: _Ref4753387][bookmark: _Ref24125016]3GPP TS 36.331, Radio Resource Control (RRC) protocol specification, RAN#85, V15.7.0, September 2019

	4/4	
image1.png
UE1

UE2

/) 1)

Cell A Cell B




image2.jpg
Fixed delay k=3

t t

PDCCH SRS
congestion !!

Distributed SRS
PDCCH load





image3.wmf
m


oleObject1.bin

image4.png
UE NW

PRACH
RAR
Msg3

Msg4





