	
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _GoBack]3GPP TSG RAN WG1 #87	R1-1612470
Reno, USA, 14th – 18th November 2016
[bookmark: Source]Agenda item:	7.1.2.6
Source: 	Samsung
Title: 	Mobility RS design for supporting multi-beam operations
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
In RAN1#86b, the followings are agreed on the mobility related issues. 
Agreements:
· NR supports cell-level mobility based on DL cell-level measurement (e.g. RSRP for each cell) in IDLE mode UE
· Study the following DL signals for IDLE mode RRM measurement
· Option 1: Synchronization signal (e.g., NR-PSS, NR-SSS)
· Option 2: RS for demodulating broadcast channel
· Option 3: RS for mobility
· FFS if and how to associate the cell ID with this RS
· FFS this RS is for multi-beam and/or single-beam
· Option 4: Any combinations of above
· Other options are not precluded
· FFS: QCL definition for DL signal for IDLE mode RRM measurement
· FFS whether NR cell is defined only for “IDLE mode” or for both IDLE and CONNECTED mode
· For L3 mobility based on DL measurement in CONNECTED mode UE:
· At least non-UE-specific DL signals can be used for CONNECTED mode RRM measurement
· FFS UE-specific DL signals for this purpose
· Study the following DL signals for CONNECTED mode RRM measurement
· Option 1: Cell related RS which is carrying Cell-ID (e.g. NR-PSS, NR-SSS)
· Option 2: RS for mobility
· FFS how to associate it with beam-ID and/or Cell-ID
· Option 3: RS for demodulating broadcast channel
· Option 4: A combination of option 1 and 2
· Other options are not precluded
· At least one of cell-level and beam-level measurement quantities is supported for RRM reporting.
· FFS which RRM measurement quantities to define, e.g., RSRP, RSRQ
· Study the following options for RRM measurement quantities to be reported for L3 mobility:
· Option 1: derived per cell (e.g., if multi-beam, as a function of multi-beam measurements)
· Option 2: derived per beam
· Option 3: A combination of option 1 and 2
· Other options are not precluded

In addition, in RAN2#95bis, the followings are agreed. 
Agreements for DL-based mobility in RRC_CONNECTED mode (optimized for data transmission, at least for network-controlled mobility) mobility with RRC involvement, concerning beams and the relation to the NR cell definition:

1. UE at least measures one or more individual beams and gNB should have mechanisms to consider those beams to perform HO. Note: This is necessary at least to trigger inter-gNB handovers and to optimize HO ping-pongs / HO failures.
–	FFS: whether UE report individual and/or combined quality of multiple beams

2. UE should be able to distinguish between the beams from its serving cell and beams from non-serving cells for RRM measurements in active mobility. UE should be able to determine if a beam is from its serving cell.
–	FFS whether serving/non serving cell may be termed 'serving/non serving set of beam)
–	FFS: whether the UE is informed via dedicated signalling or implicitly detected by the UE based on some broadcast signals.
-	FFS how the cell in connected relates to the cell in idle

3. 	Study how to derive a cell quality based on measurements from individual beams

4. 	In connected mode, intra-cell mobility can be handled by mobility without RRC involvement. 
-FFS whether there may be cases that do require RRC involvement.

5	UE should be able to identify a beam. FFS how beams are identified (to be defined by RAN1)

Agreement
1	For connected mode, cell level signal quality for RRM measurement can be derived from multiple beams, if multiple beams can be detected (this does not preclude RRM measurement made on a single beam)
FFS how to combine beam measurements to a cell level single quality

Agreements for IDLE
1	In IDLE mode, UE performs cell selection and reselection on NR Cells.
2	Study how to derive a cell quality based on measurements.

This contribution discusses mobility RS design in NR, based on the agreements in the previous meetings in RAN1 and RAN2. 
Design Principles for Mobility RS 
Given that RAN2 has agreed on cell-level mobility for both IDLE and CONNECTED, the remaining question would be on the definition of cells in IDLE and CONNECTED. Similarly to LTE, RSRP/RSRQ measurement quantities can be used for cell-level mobility in NR. Two alternatives are being considered in NR, for defining the cell-level RSRP/RSRQ and what RS to provide for IDLE and CONNECTED for UE to measure RSRP/RSRQ.
· Alt 1: A common RS and same RSRP/RSRP definitions are used for both IDLE and CONNECTED.
· Alt 2: Different RS are used for IDLE and CONNECTED.
One benefit of Alt 1 is when UE’s state transit from IDLE to CONNECTED, the UE can use the selected cell during the IDLE state as a cell to connect. If Alt 2 is used, on the contrary, the best cell in IDLE and in CONNECTED may not be the same, which may require UE to apply an immediate handover for the best data connection. Considering this fact, it is proposed to agree on Alt 1. 
Proposal 1. A common RS is used for IDLE and CONNECTED.

The measurements on mobility RS should be able to be conducted with little or no configurations, to minimize complexity involved with neighbour cell measurements. If each cell is able to autonomously configure the mobility RS with full flexibility, the related information needs to be conveyed to the neighbour cell’s serving UEs, which will involve inter-cell signalling exchange over X2, and frequent RRC reconfigurations for neighbour cell measurements. This should be avoided. 
Our preference is that time-frequency location, RS sequence and number of antenna ports for mobility RS are determined purely relying on cell IDs and subframe/slot timing, which involves no signalling at all. Another possibility is to allow for limited configurations for mobility RS transmissions, e.g., number of beams is configured in system information delivery channel (before RACH) such as NR-PBCH or similar. This possibility allows some more flexibility to the network implementation, but less preferred owing to the UE complexity; as in this case the UE is able to measure neighbour cells’ RSRP/RSRP only after decoding NR-PBCH. 
On the other hand, for the purpose of network energy saving, possibility of configuring different periods for IDLE and CONNECTED RS are being considered in RAN1. In one example, for supporting IDLE mobility, mobility RS, PSS/SSS, PBCH are transmitted with a constant (typically long) period; and for supporting CONNECTED mobility, mobility RS may be transmitted/configured with a faster duty cycle. When different mobility RS are used for IDLE and CONNECTED, the ping-pong issue may occur during the state transition and it is not desired as discussed earlier. When same mobility RS are used for IDLE and CONNECTED but with different periods, the different periodicities may still result in different RSRP quantities.  
It is also being discussed to assign a long periodicity for IDLE mobility RS. This approach, however, may result in large UE energy consumption when UE wakes up from IDLE for receiving paging and when UE turns on power and perform initial cell search. For example, when IDLE mobility RS period is configured to 100msec and the network is non-synchronized, the UE has to try to find IDLE RS across at least 100msec. This measurement window is much larger than currently allowed implementations in LTE, and this should be avoided. Our preference is to keep 5msec period for IDLE mobility RS, for UE energy saving. When the period of IDLE mobility RS is 5msec, it does not sound like a good idea to further reduce the period of CONNECTED mobility RS, and hence. Hence, it is proposed to use the common RS and common period for mobility RS used for IDLE and CONNECTED mode support.
Proposal 2. 
· Time-frequency location, RS sequence and number of antenna ports for mobility RS are determined purely relying on cell IDs and subframe/slot timing, which involves no signalling at all.
· 5 msec period is used for mobility RS, which will be used for both IDLE and CONNECTED mobility

For hybrid BF reception in which beam sweeping is applied to the mobility RS, measurement gaps/windows may need to be configured to support inter-cell mobility. The durations for which mobility RS are transmitted are likely not useful for data reception, e.g., because of UE’s specific Rx beamforming implementations during these durations. The Rx beam used for mobility RS reception may not be aligned with the Rx beams to receive data from the serving cell. Hence, it would be desirable if the mobility RS transmission opportunities are synchronized among cells. For UE’s mobility measurements, gNB may configure periodically recurring measurement gaps in the time domain, whose period is synchronized with the period of mobility RS for CONNECTED.
Proposal 3. 
· Periodically recurring measurement gaps/windows can be configured for inter-cell mobility for CONNECTED. 

For supporting faster beam sweeping operation, the network should be allowed to use multiple antenna ports (digital chains) to transmit the mobility RS on multiple beams on each OFDM symbol. Similarly to legacy CSI-RS, when multiple antenna ports are FDM’ed, natural power boosting can be used to transmit the mobility RS with full power. For example, when 8 antenna ports are used per OFDM symbol for sweeping through 64 beams, 8 OFDM symbols need to be used for transmitting the beam-specific mobility RS – on the contrary, if 2 antenna ports are used for the same number of sweeping beams, 32 OFDM symbols need to be used. Given that the OFDM symbols on which mobility RS are used may not be desirable for data transmissions, it is evident that use of multiple antenna ports provide system overhead saving. 
The number of digitally controllable TXRUs (or digital chains) and the number of beams that need to be supported for the mobility measurements are implementation specific and scenario dependent. This brings us difficulty to design the mobility RS that requires little/no configurations. In one case, an NR cell comprises multiple TRPs, and the multiple antenna ports for the mobility RS mapping may come from different TRPs; in this case a large number of beams need to be supported for the mobility measurements. In another case, an NR cell comprises a single TRP, in which case a number of beams need to be supported may be small. 
Given these various cases/scenarios, one possibility is to design the mobility RS parameters to be able to cope with a challenging case/scenario, in which a large number of beams need to be supported within a mobility RS burst. It could be of a consideration that multi-beam SFN can also be used in some extreme cases in which a cell has a large number of beams that cannot be one-to-one mapped to “beam resources” of mobility RS, where “beam resource” refers to a mobility RS antenna port on a given OFDM symbol. It could also be a consideration that it is ok to under-utilize beam resources in case a cell has a small number of beams (i.e., zero powers are allocated to some beam resources); in this case UE can derive cell-level RSRP based on measurements on beam resources on which the measurement quantities are greater than a certain threshold. 
For facilitating beam-level mobility, the “beam resource” needs to be associated with beam IDs. One-to-one mapping between beam resources and beam IDs seems to be reasonable. 
Considering the above discussions, the following is proposed.
Proposal 4. 
· A burst set for mobility RS corresponds to Nsymb,MRS = [28] consecutive OFDM symbols.
· Mobility RS are transmitted on NP = [8] antenna ports on each OFDM symbol within a burst set.
· Nsymb,MRS·NP beam IDs are assigned to the mobility RS in a burst set, utilizing an OFDM symbol index and an antenna port number.

Among those choices being considered for mobility RS, our preference is to separately design the mobility RS, rather than using the NR-SS, PBCH demodulation RS and CSI-RS. 
The main limitation of NR-SS is that as it is used for conveying at least a part of physical cell ID, it involves blind decoding over multiple “sequences,” which creates difficulty to map multi-beam NR-SS on multiple antenna ports. 
Number of beams and ports required for PBCH demodulation RS are likely to be small, and it does not seem to be suitable to convey a large number of beam IDs. 
Finally, it is our assumption that CSI-RS configurations are UE-specific, which is available only after RRC connection. Use of UE-specific RS as mobility RS is highly questionable as it requires heavy inter-cell signalling on X2 and RRC configurations. On the other hand, it can be argued that the same mapping pattern framework and the same RS sequences can be used for CSI-RS and mobility RS, and in such a case the mobility RS may be able to be called CSI-RS. However if the mobility RS can only be used for mobility measurement, it is not clear whether this mobility RS needs to be called CSI-RS. 
Proposal 5. 
· Separately designed mobility RS are used in NR for over6GHz multi-beam operations
Conclusion
This contribution has reviewed design principles for mobility RS for multi-beam case and made the following proposals.
Proposals:
· A common RS is used for IDLE and CONNECTED.
· Time-frequency location, RS sequence and number of antenna ports for mobility RS are determined purely relying on cell IDs and subframe/slot timing, which involves no signalling at all.
· 5 msec period is used for mobility RS, which will be used for both IDLE and CONNECTED mobility
· Periodically recurring measurement gaps can be configured for inter-cell mobility and L1/L2 beam management measurements. 
· A burst set for mobility RS corresponds to Nsymb,MRS = [28] consecutive OFDM symbols.
· Mobility RS are transmitted on NP = [8] antenna ports on each OFDM symbol within a burst set.
· Nsymb,MRS·NP beam IDs are assigned to the mobility RS in a burst set, utilizing an OFDM symbol index and an antenna port number.
· Separately designed mobility RS are used in NR for over6GHz multi-beam operations.

