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At the previous meetings (RAN1#89), it was agreed that 
1. Cell-specifically configured CSI-RS is not supported for beam management
1. RAN1 provides the following response to the "cell-specific and configurable" part of Question 2 in R1-1709061:
· RAN1 does not see the need to support cell-specific configuration for CSI-RS for RRM measurements

It was also agreed that
· RAN1 studies the following methods for a CONNECTED UE to obtain parameters for CSI-RS for L3 mobility:
· Method 1: Configuration of a parameter that is valid for one CSI-RS resource
· Method 2: Configuration of a parameter, e.g. periodicity, that is valid for all CSI-RS resources on a carrier frequency
· Method 3: UE derives a parameter that is valid for all CSI-RS resources associated with detected cells on a carrier frequency, at least partly, from the cell ID
· Method 4: Configuration of a parameter, e.g. periodicity, scramble ID (if specified), UE (group) ID (if specified), virtual cell ID (if specified), that is valid for a group of CSI-RS resources on a carrier frequency
· Method 5: NW provides a parameter that is valid for CSI-RS resources associated with detected cells on a carrier frequency, e.g. based on UE measurement reporting
· Other methods are not precluded
· Different parameters may be obtained by different methods.
· Note: "configuration" above means UE specific configuration by RRC signaling

In NR, DM-RS pattern has been extensively discussed so far, but DM-RS sequence design has so far not received as much attention. The following is the working assumption for the DMRS pattern, from RAN1#90.
· The working assumption made in RAN1#89 for DM-RS is updated and agreed as follows for CP-OFDM:
· A UE is configured by higher layers with DMRS pattern either from the front-loaded DMRS Configuration type 1 or from the front-loaded DMRS Configuration type 2 for DL/UL:
· Configuration type 1:
· One symbol:
· Comb 2 + 2 CS, up to 4 ports
· Two symbols:
· Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports
· Note: It should be possible to schedule up to 4 ports without using both {1,1} and {1,-1}.
· Configuration type 2:
· One symbol:
· 2-FD-OCC across adjacent REs in the frequency domain, up to 6 ports
· Two symbols:
· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports
· Note: It should be possible to schedule up to 6 ports without using both {1,1} and {1,-1}.
· From UE perspective, frequency domain CDMed DMRS ports are QCLed.
· FFS: Whether the front-load DMRS configuration type for a UE for UL and DL can be different or not.
· Note: If there are significant complexity/performance issues involved in the above agreements, down-selection can still be discussed
[bookmark: _Ref129681832]In this contribution we discuss UE specific RS design. Note that this is a revision from R1-1713773.
Discussion
In LTE, many DL physical channel transmission modes use the cell specific CRS for demodulation whose sequence is derived directly from its cell ID. Moreover, for all other transmission modes using DMRS the sequence is cell specific unless otherwise configured. This design is also extended to SRS and CSI-RS. In NR, there is no always-on cell-specific RS or sequence available beyond SS blocks and UEs should rely on DMRS for decoding all the remaining channels after decoding PBCH. 
UE specific DMRS sequence design in multi-TRP/multi-beam deployment
In a NR deployment with an NR cell contains many TRPs and/or beams, a cell specific DMRS design results in all the beams and TRPs interfering with each other. In fact, all the DMRS from all the beams and TRPs, if derived from the same randomizing seed, would generate a SFN-like channel rendering it useless to all the users in the cell. Orthogonal cover codes for all the ports in the same NR cell only works for a limited number of layers and beyond that it requires a huge overhead to multiplex users.
LTE is devised for single-TRP cells and the default seed for many channels including DMRS is cell ID, in order to guarantee some level of interference randomization among UEs in neighbouring cells. However, NR supports cells that contain many TRPs and beams operating in the same or different frequency bands and may share the same scheduler or have different schedulers since TRPs may be connected through perfect or imperfect backhaul links. Different users may be served in the same time/frequency resources in the same cell through different TRPs and beams. A cell specific default seed for DMRS (and other RS) results in RS collision among such users, jeopardising their channel estimation quality. 
In order to avoid same cell interference among layers in the same NR cell, UE specific DMRS design is proposed for NR. With a UE-specific DMRS sequence design, different users receive different DMRS ports with UE-specific sequences that are derived from different random sequences. The randomizing seed for the sequence can be shared among multiple users combined with orthogonal cover codes in order to provide orthogonal DMRS between them. The seed can be configured by the network with a default value that is derived from the UE ID. The sequence can be further randomized using a cell specific element to whiten the interference between adjacent NR cells.
Observation 1: There is no always-on cell specific RS available beyond SS blocks.
Proposal 1: UE specific DMRS sequence should be used for DL and UL communication in NR. The UE specific sequence is configurable with a default value associated with the UE ID.
DMRS utilization for different channels


In the following, we discuss different channels and the associated UE-specific DMRS sequence. The DMRS sequence for both PDSCH and PDCCH rely on the configurable ID as well as other fields such as slot number. An example of the PN seed initializer is, where  is a configurable ID of length 16 bits and is a default UE specific ID derived from C-RNTI possibly combined with a cell specific ID if not configured.
Proposal 2: PN initialization for DMRS is designed such that it accommodates longer configurable ID.
DMRS for PDCCH
Each user may receive control channel messages in the common or user specific search spaces. For the broadcast messages such as paging and system information, the target is to achieve the highest coverage and reliability of the message and SFN gain from all participating TRPs and beams in the same cell for both control channel and data is desired. In this case, the network utilizes a sequence that is associated with the corresponding channel (paging or system information) and whitened among adjacent cells. 
For all other unicast control messages (especially in the UE-specific search spaces), the UE utilizes UE-specific sequence associated with a UE-specific ID or decode the control message. The UE specific ID may be different for different CORESETs allowing for overlapping CORESETs for the same user as they utilize different DMRS sequences. 
DMRS for PDSCH
DMRS for single user MIMO 
Single user MIMO is the default mode of operation especially in the beam-based deployment (within each beam) and when the system is lightly loaded. In this case, the user may maintain its UE specific sequence (which may be seeded with its original sequence associated to its ID) while roaming around the network. For users served adjacent beams, TRPs and cells, different seed whitens the residual interference due to leaking among beams between the DMRS ports, in the same level as interference whitening available in LTE among users in neighbouring cells. As the UE switches from one beam/TRP to another, the DMRS sequence/pattern remain unchanged, eliminating the need for reconfiguration of the UE DMRS seeds.
DMRS for multi user MIMO
Multi-user MIMO within the same beam is more applicable to the low speed closed loop scenarios in the heavily loaded cells. In this case, co-paired UEs prefer an orthogonal set of RS ports to have a cleaner channel estimation. In this case, the underlying UEs may be configured with the same sequence covered by orthogonal codes. The shared sequence may be associated with the coverage region of the underlying TRP set or with the UE group. DMRS configuration rate for these UEs is low as they are low speed and roam around the same coverage region. Among the co-paired users, the default seed for one of the users can be used as the configurable seed for the rest of the users. It is worth noting that in a lightly loaded scenario especially, in a multi-TRP cell, a limited leakage among co-paired user remains tolerable and UE-specific DMRS sequences yield sufficient channel estimation quality and there is no need for sequence orthogonalization.
DMRS for other PDSCH messages
PDSCH carries other messages such as system information, paging information and random access responses. These messages use identifiers other than C-RNTI. NR should strive to provide a unified solution for DMRS for different PDSCH messages.
DMRS for broadcast messages
Broadcast messages are transmitted to all the users in the NR cell and as explained earlier will benefit from the SFN gain and similar to the corresponding control message, can use the same sequence among all the participating beams/TRPs in transmitting the channel. The PN sequence may further be randomized with some cell specific element (at least for the control channel portion) to differentiate between paging information and system information neighbouring cells.
Proposal 3: DMRS for PDSCH and PDCCH used for paging and system information utilize the corresponding P-RNTI and SI-RNTI combined with some cell-specific ID to generate the randomizer seed to provide SFN gain within the same NR cell.
DMRS for random access messages
Random access messages are transmitted before the UE is connected and RRC configured with the DMRS pattern. In particular, messages 2 and 4 on the RACH procedure use PDSCH and PDCCH. In that case, the DMRS sequences can be associated with the RA-RNTI or temporary C-RNTI (only after message 2). Any other subsequent PDCCH and PDSCH after the random access procedure up until the UE reception of the DMRS configuration may continue using the C-RNTI of the user.
Proposal 4: DMRS for PDSCH and PDCCH used in the RACH procedure and subsequent signalling until otherwise configured utilize the corresponding RNTI to generate the randomizer seed.
DMRS for PUSCH
DMRS requirements for uplink communication are similar to their downlink counter parts. In an environment, where SU-MIMO is prevalent, there is little need for DMRS orthogonalization and the default randomizer for DMRS sequence (such as its UE ID) can be used. Similar to DL single user MIMO, the user may keep its randomizer as it roams within the cell or between cells as long as its configuration is unique in its vicinity. Wherever, uplink multi-user MIMO is preferred, orthogonal sequences are the preferred choice and again, a common configurable seed alongside orthogonal cover codes can be used for UL DMRS. 
Note that with the current NR agreement, the number of UL orthogonal DMRS ports is very limited, i.e., up to 8 or 12 for two OFDM symbols and up to 4 or 6 for one OFDM symbol. Then in the case of low latency scenario where the overhead of two OFDM symbol for DMRS is not desirable, the number of simultaneous MU layers will be very limited. When MU multiplexing with non-orthogonal DMRS is applied, the correlation between the set of DMRS used by the multiplexed users should be controlled as low as possible so as to guarantee good channel estimation performance. In that case, it will be easier to configure the DMRS if the generation of the initial values of the PN sequences do not change autonomously with the transmission slot index. 
Considerations for other RS 
In NR, it is strived to have a common framework for all different RS. Other reference signals in the NR include SRS and CSI-RS. These two signals are RRC configured. While SRS is in the uplink direction and hence, associated with individual UEs, CSI-RS may be shared among multiple users. The exceptions for the case of CSI-RS are beam refinement and in lightly loaded UDN where there are comparable or more TRP ports than active UEs and in these cases, CSI-RS that is associated with individual UEs is preferred. In both cases, the CSI-RS and SRS are configured with a seed ID that can be configured with the RS configuration. In the case of SRS and UE-specific CSI-RS, the default randomizing seed can be associated with the UE ID, while for CSI-RS ports that are shared among the UEs, a common configuration is used. Similar to DMRS, using cell ID as the default seed for CSI-RS and SRS limits the flexibility of cells comprising of multiple TRPs as severe interference due to pilot collision may occur within the same cell.  
Proposal 5: NR should strive to have a common design for different RS sequence randomization. NR DMRS, CSI-RS and SRS utilize UE-specific sequences and UE ID to generate the default value.
Conclusions
We propose the following to be adopted in NR.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: UE specific DMRS sequence should be used for DL and UL communication in NR. The UE specific sequence is configurable with a default value associated with the UE ID.
Proposal 2: PN initialization for DMRS is designed such that it accommodates longer configurable ID.
Proposal 3: DMRS for PDSCH and PDCCH used for paging and system information utilize the corresponding P-RNTI and SI-RNTI combined with some cell-specific ID to generate the randomizer seed to provide SFN gain within the same NR cell.
Proposal 4: DMRS for PDSCH and PDCCH used in the RACH procedure and subsequent signalling until otherwise configured utilize the corresponding RNTI to generate the randomizer seed.
Proposal 5: NR should strive to have a common design for different RS sequence randomization. NR DMRS, CSI-RS and SRS utilize UE-specific sequences and UE ID to generate the default value.
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