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Work on RRM requirements for train-mounted UE in high speed train scenario in FR2 [1] continued during the RAN4#99e meeting, with outcome in terms of agreements and open issues captured in a WF [2].
One of the open issues concerns propagation delay differences when the UE moves out of the coverage from one beam and into the coverage of another beam in a unidirectional deployment.
In this contribution we provide our views on how the propagation delay difference can be handled.
Discussion
The following pertaining to timing was captured in the WF.  
	Timing requirements
· Autonomous timing adjust step Tq for FR2 in high-speed scenario is [4.5]Ts
· FFS possible solutions and RRM impacts of large propagation delay difference:
· Solution 1: One-time large TA adjustment
· Solution 2: NW-based pre-compensation of different propagation delays
· Solution 3(a): Only use bi-directional with Scheme-1, i.e., don’t use uni-directional; and don’t use bi-directional with Scheme-2/3.
· Solution 3(b): Bi-directional deployment with interruption allowed by following Scheme-2 but no dedicated beam for coverage hole from neighboring RRH.  
· Solution 4: Uni-directional deployment with interruption allowed.
· Other solutions are not precluded
· FFS: Impact on SSB-based measurement accuracy (e.g., SS-RSRP)




The main issue concerns that when the UE is in a uni-directional deployment and reaches the far end of one beam, it will enter the near end of the next beam (or vice versa), where far end near is with respect to the transmitting RRH. The difference in propagation distance between signals received from adjacent RRHs will then correspond to the inter-site distance, for which 700m has been used as an assumption. Hence under the assumption on 700m ISD, the difference in propagation delay from adjacent RRHs is 2.33µs.

The assumed SSB numerology is µ=3 (120 kHz SCS), for which the duration of a net OFDM symbol is 8.33µs (OFDM symbol with normal CP is 8.92µs). The difference in propagation delay thus exceeds the duration of the CP and amounts to 28% of a net OFDM symbol (26.2% of an OFDM symbol with normal CP).

For SFN type of transmission, i.e. where same information is transmitted from multiple RRHs simultaneously, the resulting delay spread would, if not compensated for, cause inter-symbol interference that potentially would degrade the receiver performance somewhat unless an advanced receiver is used. Compensation schemes could include phasing of transmissions from different RRHs to allow them to arrive at the UE within the cyclic prefix. The impact on adjacent channels (and intra-frequency neighbour cells not part of the SFN) would have to be considered and e.g. appropriate DL-UL guard periods be chosen, but otherwise such compensation schemes would reduce the delay spread and allow for better UE receiver performance. However, the main approach that has been agreed is to use DPS rather than SFN.

In DPS the transmitting source is changed based on feedback from the UE. Hence inter-symbol interference caused by large delay spread can be avoided. However, the UE still needs to be able to detect and measure beams from the different RRHs in order to provide feedback to the gNB on feasible RRH and beam to serve the UE with. The timing difference between beams may be proportional to the ISD, as discussed for SFN above, unless a compensation scheme on network side is used.

Hence transmissions of SSBs and e.g. CSI-RS for beam management would still have to be carried out simultaneously at least for adjacent RRHs, in order to facilitate beam management on the UE side. Concretely, the UE has to measure beams under the current RRH as well as detecting beams under the adjacent RRH once it gets under that coverage.

Detecting and tracking beams

In HST for FR2 it is assumed that SSB bursts are using the numerology µ=3, i.e., SCS 120kHz. For that configuration, SSB indexes in a SSB burst are arranged in pairs where the SSB indexes within the pair are transmitted back-to-back (TS 38.213); see Figure 1. 

	· Case D - 120 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes [image: ]. For carrier frequencies within FR2, .







Figure 1: Transmission of SSB indexes (2k, 2k+1, ...) for SSB burst in numerology µ=3.

Hence unless a compensation scheme is applied on the network side (which we for now assume is not being applied), inter-symbol interference may result between SSB indexes in the same pair (e.g. 2k and 2k+1) are associated with different RRHs. To mitigate this risk, we propose the following restriction on the network deployment.

Proposal 1: 	Introduce limitation on that for HST FR2 operation, SSB indexes in the same pair (e.g. {2k, 2k+1}, k=0) shall be associated with at most one RRH.  

Between different such SSB index pairs there are at least four OFDM symbols. Hence there is no risk that there will be partially overlap between adjacent pairs. However, there may potentially be other transmissions in OFDM symbols immediately before or after SSBs.

For measurements in SMTC windows (L3 measurements), a scheduling restriction that applies to an OFDM symbol immediately before and immediately after consecutive SSB symbols has been specified (38.133), with the justification that there may be receive time differences between serving and neighbour cells. 

	The following scheduling restriction applies due to SS-RSRP or SS-SINR measurement on an FR2 intra-frequency cell
	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to be measured within SMTC window duration (The signaling deriveSSB_IndexFromCell is always enabled for FR2). If the high layer signalling of smtc2 is configured in TS 38.331 [2], the SMTC periodicity follows smtc2; Otherwise the SMTC periodicity follows smtc1.



For L1-RSRP measurements on SSB bursts, existing scheduling restriction only applies for the symbols carrying the SSB, i.e., there is no restriction in symbols before or after.

	The following scheduling restriction applies due to L1-RSRP measurement.
-	For the case where RS for L1-RSRP measurement is CSI-RS which is QCLed with active TCI state for PDCCH/PDSCH and not in a CSI-RS resource set with repetition ON, and N=1 applies as specified in clause 9.5.4.2
-	There are no scheduling restrictions due to L1-RSRP measurement performed based on the CSI-RS.
-	Otherwise
-	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on 
-	symbols corresponding to the SSB indexes configured for L1-RSRP measurement, and/or
-	symbols corresponding to the periodic CSI-RS resource configured for L1-RSRP measurement, and/or
-	symbols corresponding to the semi-perssitent CSI-RS resource configured for L1-RSRP measurement when the resource is activated, and/or
-	symbols corresponding to the aperiodic CSI-RS resource configured for L1-RSRP measurement when the reporting is triggered.
When intra-band carrier aggregation in FR2 is performed, the scheduling restrictions on serving cell where L1-RSRP measurement is performed apply to all serving cells in the band on the symbols that fully or partially overlap with restricted symbols.



Without scheduling restrictions in one symbol before and after consecutive SSB symbols, L1-RSRP measurements for beam management may partly overlap e.g. PDCCH or PDSCH reception due to the timing differences of 2.33µs. Although the network can avoid such clashes by proper configuration, it would complicate the UE receiver design to have to take such potential clashes into account. We therefore propose the following restriction on the network scheduler.
 
Proposal 2: Introduce limitation on that for HST FR2 operation, scheduling restrictions shall apply for one symbol before and one symbol after resources (SSB, CSI-RS etc) used for L1-RSRP measurements.

It has been raised that UE may have problem with detecting beams when timing is off by more than a CP. However, with the scheduling restrictions proposed above we do not see that such issue would result. Detection and time tracking may be based on various approaches, for instance matched filter-based (as in cell detection; detecting PSS or SSS) or PDP-based (in essence a weighted linear phase estimate). For the former, the time difference between transmissions from different RRHs is not large enough to cause ambiguities on which SSB index has been detected. A smaller SSB index will always arrive to the UE before a larger SSB index, regardless of transmission point. For the latter, no ambiguity arises on the timing shift even if using the serving beam’s timing as reference for OFDM symbol start in the other (to-be-detected) beam, since the timing difference is less than 50% of an OFDM symbol. Increased interference may arise as up to 28% of the samples may come from adjacent OFDM symbol, but this can be addressed by some more intelligent approach or by using multiple hypotheses on OFDM symbol starting point. The essence is that with the restrictions proposed above, there is no technical reason the UE cannot detect and track a beam with a timing difference that exceeds the CP.


Switching between beams

As described above, at least with the proposals, a UE will be able to detect the new beam despite the time difference.

Since DPS is assumed, the UE will not switch beam autonomously but will do so after receiving a TCI state activation from the network node. The TCI state activation will in normal case be sent by the network node upon having received L1-RSRP measurement report from the UE. The flow is as follows.

1. UE is configured by network node to monitor a set of beam indexes in serving cell.
2. UE detects new beam among the set of beam indexes to monitor.
3. UE reports beam measurements to the network node.
4. Network node configures UE with TCI state that is based on the reported beam.
5. UE switches to using the TCI state associated with the reported beam.
6. Network node transmits using the new TCI state. 

At the 5th step the UE may experience an abrupt change in downlink timing due to the 2.33µs time difference between beams. As it is known both to UE and network node when UE is changing TCI state, we propose the following concerning timing adjustment.

Proposal 3: 	Introduce one-shot timing adjustment for UE switching between TCI states in HST FR2 operation.

We do not see that there would be need for interruptions other than the interruption caused by TCI state swiching. 
Summary and Conclusion
In this contribution we have provided our views on how the propagation delay difference between TCI states can be handled. The following proposals are made:
Proposal 1: 	Introduce limitation on that for HST FR2 operation, SSB indexes in the same pair (e.g. {2k, 2k+1}, k=0) shall be associated with at most one RRH.  

Proposal 2: Introduce limitation on that for HST FR2 operation, scheduling restrictions shall apply for one symbol before and one symbol after resources (SSB, CSI-RS etc) used for L1-RSRP measurements.

Proposal 3: 	Introduce one-shot timing adjustment for UE switching between TCI states in HST FR2 operation.
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