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Introduction
In the last RAN1 meeting, we achieved the following agreement as: 
Agreement (RRC parameter update)
· For FR2, additionally support TRS symbol position of {0, 4}, {1, 5}, {2, 6}, {3, 7}, {7, 11}, {8, 12} and {9, 13} 

Agreement
The following text proposal for section 5.1.6.1.1 in TS38.214 is agreed.
· 

the bandwidth of the CSI-RS resource, as given by the higher layer parameter csi-RS-FreqBand, is the minimum of 52 and  resource blocks, or is equal to  resource blocks 
· 
UE is not expected to be configured with the periodicity of      slots if the bandwidth of CSI-RS resource is larger than 52 resource blocks

In this contribution we provide our views on the TRS (Tracking Reference Signal) design and discuss the remaining issues of reference signal for fine time and frequency tracking.
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The introduction of TRS is mainly for the fine time and frequency tracking as CRS type of signal is not supported in NR in order to reduce overhead and interference in the system. Though TRS is not a cell specific RS with guaranteed presence, RAN1 already agreed that periodic TRS is a UE mandatory feature. Furthermore, UE in RRC connected mode is expected to receive the higher layer UE specific configuration of a CSI-RS resource set configured with higher layer parameter TRS-Info. 
In previous RAN1 meeting, a new feature “aperiodic TRS” was proposed as possibly beneficial for some cases, such as periodic events (C-DRX, I-DRX) and aperiodic events (SCell activation, BWP switching, Multi-beam change). However, the current periodic TRS design can support those cases with an appropriate configuration of the periodicity. The tradeoff of selecting the periodicity for several cases is discussed below.
In the case of SCell activation, with only periodic TRS with relatively large periodicity, the UE may need to wait for a relatively long time till the next transmission burst of the TRS in order to obtain fine time and frequency information of the channel. An (early) transmission of the TRS such as with aperiodic TRS may be used to reduce such latency. However, a short TRS periodicity can be also used with only a minor increase in overhead. For SCell activation, the RAN4 discussion on activation latency should take the period of the (mandatory) periodic TRS configuration into consideration.
Regarding the C-DRX and I-DRX, with reasonable UE implementation, UE can keep awake in several TRS symbols and then quickly go back to sleep until ‘C-DRX on’. This kind of implementation has similar power consumption compared with introducing several aperiodic TRS symbols before ‘CDRX on’. Also for idle mode, UE could perform tracking with SSB using similar method. Aperiodic TRS may provide an alternate implementation, but is not strictly necessary.
Beam switching has been proposed as a motivation from some companies to introduce aperiodic TRS. Periodic TRS is RRC configured including its spatial QCL assumption. Generally a wide beam may be used for TRS transmission to serve a set of UEs with transmission of beams within the coverage of the TRS beam. If a relatively narrow beam is used for TRS, the overhead does not increase with the number of UEs but with the (small) number of beams needed to cover the cell. Aperiodic TRS is again not necessary, but could be used to save a (small) amount of overhead.
Based on the above discussion, we make the following observation:
Observation 1: introduction of aperiodic TRS is not essential though it can be beneficial in some scenarios, i.e., SCell activation.

Great care should be taken when introducing a new feature late in Rel-15 as implementations are already well under way. In this regard, aperiodic TRS (if introduced) can at best be considered as an optional feature to be used alongside the mandatory periodic TRS. 
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Depending on the discussion, if it is desired to improve latency in some cases a much simpler and more straightforward approach compared to introducing a new feature is to include an additional periodicity of TRS, such as 5ms. However, if there is a strong desire to introduce aperiodic TRS in Rel-15, several issues need to be properly addressed about how the feature should be specified.

Aperiodic TRS is Complementary
If aperiodic TRS is introduced, it should be only as complementary to periodic TRS, instead of as an alternative. To achieve certain performance requirements when receiving CSI-RS, PDCCH, and PDSCH, UE should assume certainty of TRS transmission with some periodicity. Aperiodic TRS may be triggered to be transmitted in order to speed up certain events with reduced latency. However, it is up to network implementation and the UE cannot assume it will always happen and when it happens in time. The current specification states that “A UE in RRC connected mode is expected to receive the higher layer UE specific configuration of a CSI-RS resource set configured with higher layer parameter TRS-Info” and this is for periodic TRS. 

Configuration of Aperiodic TRS
Aperiodic TRS when configured should be associated with a periodic TRS configuration. As it is up to network implementation whether and when to trigger aperiodic transmission, UE always needs to be configured with periodic transmission of TRS. More specifically, aperiodic TRS should not be independently used and configured. An aperiodic TRS transmission is triggered as an early burst of the associated periodic TRS. Afterwards, UE relies on the associated periodic TRS transmissions. 
If the aperiodic TRS is configured separately from the associated periodic TRS, it should have the same time and frequency pattern, comb, sequence, bandwidth and frequency location, QCL assumptions, and etc. as the associated periodic TRS. One issue is the QCL relationship between the aperiodic TRS and its associated periodic TRS. For example, in the case of SCell activation, depending on the activation time and the configured periodicity and time/slot offset, aperiodic TRS may or may not be triggered before any periodic TRS transmission being received by the UE after activation event. Therefore, one cannot serve as a source RS of QCL assumption for the other. The UE should assume the aperiodic TRS and the associated periodic TRS convey the same fine time and frequency channel information or even have the same antenna port.
With the above discussion, alternatively, a periodic TRS configuration, in addition to what is specified now, may also be configured to be aperiodic at the same time. Basically a periodic CSI-RS resource set configured with TRS-info will transmit according to its periodicity and time/slot offset. In addition, if it is also configured as aperiodic, it will also transmit according to triggering information carried in a DCI of a PDCCH. 

Beam switching of TRS
As discussed above, periodic TRS is associated with RRC configured QCL, and may be used for beam management. A TRS should not be introduced as an alternative without association to a periodic TRS. 
In the case aperiodic TRS is introduced with association of a periodic TRS, to support dynamic beam switching for PDSCH, relationship between the QCL assumption of aperiodic TRS, periodic TRS, and PDSCH need to be clearly defined. As this is an optimization at this stage of standardization, it should be done in the next release.
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1 Conclusion
Based on the discussions, we have the following observation and proposals:
Observation 1: introduction of aperiodic TRS is not essential though it can be beneficial in some scenarios, i.e., SCell activation.
Observation 2: aperiodic TRS (if introduced) should be an optional feature in Rel-15.
Proposal 1: 5ms periodicity is supported for periodic TRS
Proposal 2: if introduced, aperiodic TRS should be associated with a periodic TRS or as new additional characteristic configurable for a periodic TRS
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