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1	Introduction
One of the remaining discussion points related to BWP is whether additional reference signals may be needed to assist the UE in performing AGC and time/frequency synchronization when the bandwidth part changes. There is a possibility that this may be needed e.g. when the center frequency changes. In this contribution, we discuss a possible way to provide complementary synchronization signal in NR DL in case it is needed. While UE bandwidth adaptation has been the main driver, the proposed approach may be applicable in other cases that require additional synchronization signals.

The following agreements were made in RAN1 Ad-hoc#3 [3] on the bandwidth parts:
Agreements:
· In Rel-15, for a UE, there is at most one active DL BWP and at most one active UL BWP at a given time for a serving cell

Agreements:
· NR supports the case that a single scheduling DCI can switch the UE's active BWP from one to another (of the same link direction) within a given serving cell
· FFS whether & how for active BWP switching only without scheduling (including the case of UL scheduling without UL-SCH)

Additionally, the following following working assumption related to the precoder granularity and DMRS transmission in a CORESET were made in RAN1 #90bis:
Agreements: 
· Confirm the WA with the following clarifications (in red):
· For each CORESET, precoder granularity in frequency domain is:
· Configurable between i) equal to the REG bundle size in the frequency domain; or ii) equal to the number of contiguous RBs in the frequency domain within the CORESET
· For ii), DMRS is mapped over all REGs within CORESET.
· RAN1 assumes that CORESET for PDCCH scheduling RMSI can be configured with Option i)
· In Option ii) UE may assume DMRS is present in all REGs within the set of contiguous RBs of the CORESET where and when at least one REG of a candidate is mapped.
2	Discussion
In LTE, there is CRS (common reference symbol) in each DL subframe. CRS can be used on UE side e.g. for DL synchronization, RRM/CSI measurements and demodulation. Continuous CRS is good from UE implementation point of view and is used as baseline assumption when developing UE performance requirements in RAN4. A disadvantage is that having eNB requirement of continuously transmitting CRS will reduce opportunities for eNB energy saving. Furthermore, it will create excessive interference in the networks, and additional RS overhead, in the cases when DMRS based detection is applied.
New radio will be based on a lean carrier design minimizing always-on signalling, i.e. aiming at reducing or completely eliminating the requirement of having continuous transmission of reference symbols. A negative consequence of this is that synchronization and/or reference signals are then available only when gNB transmits synchronization signal or RS. In order to minimize overhead from synchronization and RSs, and to maximize opportunities for gNB energy saving, synchronization signal blocks may be transmitted with relatively large periodicity, such as 5 ms, 10, 20 or 40 ms (or even longer intervals). 
It is clear that there are many scenarios where such a large periodicity of synchronization and/or reference signals is limiting the UE’s synchronization opportunities (c.f. LTE) considerably. E.g. UE time and frequency tracking performance can be impacted and could lead to stricter UE implementation requirements. One exemplary scenario is dynamic bandwidth adaptation within carrier supported by NR. When centre frequency of the oscillator changes, the UE must perform new frequency/time synchronization, AGC (Automatic Gain Control), as well as channel estimation etc. in order to be able to receive/transmit via DL/UL. 
Observation #1: Lean carrier operation is limiting the UE’s synchronization opportunities considerably.
3	On the usage of PDCCH DMRS as complementary synchronization signal  
The time/freqeuncy resources for RMSI CORESET are obtained from PBCH. Based on the agreement made in RAN1#88bis “One-port transmit diversity scheme with REG bundling per CCE is used for NR-PDCCH”. Furthermore, based on the agreement in RAN1#87, the PDCCH DMRS in CSS does not depend on the RNTI or UE-identity. Hence, PDCCH DMRS is a signal that can be used for assisting any UE’s frequency/time synchronization as well as AGC setting (and possibly for other possible use cases such as RRM measurements as well) e.g. when BWP changes. Furthermore, it can be used as TRS for bandwidth parts without SS block. In these cases DMRS transmission can follow the procoder option ii) defined at RAN1#90bis, where DMRS is mapped over all REGs within the CORESET.
When PDCCH transmitted via RMSI CORESET contains DCI for at least one UE, DMRS will be present in NR-CCEs carrying DCI. However, when there is no DCI in certain slot, it may be up-to gNB to define whether or not to transmit DMRS via corresponding resource elements of PDCCH CCEs
· Transmitting DMRS via RMSI CORESET would help UEs to maintain sync (similarly as CRS in LTE)
· Not transmitting DMRS would correspond to lean carrier operation enabling energy saving for gNB, and it also reduce the RS overhead.

In order to facilitate synchronization at UE using complementary signals in an implementation friendly manner, gNB can transmit DMRS in the RMSI CORESET and indicate this to the UE. The transmission of DMRS is not always on, and it is triggered only when needed. The UE becomes then aware the time instants (slots) where DMRS in the RMSI CORESET is present and can use it for signal processing (such as synchronization and AGC). 


[bookmark: _GoBack]Observation #2: DMRS in the RMSI CORESET can be used as a signal assisting UE’s frequency/time synchronization
Observation #3: Triggered DMRS in the RMSI CORESET is a way to provide complementary synchronization signal if needed, e.g. in the case of RF bandwidth configuration changes.
Observation #4: DMRS in the RMSI CORESET can be used as TRS for bandwidth parts without SS block.


Figure 1 shows an example of using the PDCCH DMRS for assisting UE re-synchronization in the case of RF bandwidth adaptation. The RF bandwidth switching command is e.g. given by DCI in slot n. UE knows that slots n+1 and n+2 contain DMRS in CORESET defined for CSS. This signal is available for AGC/frequency/time synchronization. The UE would then be ready to receive/transmit according to new RF bandwidth in slot n+3. Alternatively the UE may also be able to receive/transmit before slot n+3 but with possibly degraded performance due to time/frequency synchronization errors. Final numbers and requirements regarding when the UE should be able to receive/transmit following a bandwidth adaptation would need to be evaluated by RAN4 once the synchronization and reference signal design is decided in RAN1.
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Figure 1. RF switching triggering two DMRS transmission in the RMSI CORESET.
4	Conclusions
In this contribution we have discussed conveying complementary synchronization signal in NR DL. Based on the discussion, we make the following observations:
Observation #1: Lean carrier operation is limiting the UE’s synchronization opportunities considerably.
Observation #2: DMRS in the RMSI CORESET can be used as a signal assisting UE’s frequency/time synchronization
Observation #3: Triggered DMRS in the RMSI CORESET is a way to provide complementary synchronization signal if needed, e.g. in the case of RF bandwidth configuration changes.
Observation #4: DMRS in the RMSI CORESET can be used as TRS for bandwidth parts without SS block.
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