[bookmark: OLE_LINK1][bookmark: _GoBack]3GPP TSG RAN WG1 Meeting 91           	          R1-1721421
Reno, USA, November 27th – December 1st, 2017

Agenda item: 7.2.3.2
Source: LG Electronics
Title: On CSI-RS design
Document for: Decision
1. Introduction
In 3GPP RAN1 90bis meeting, following agreements were made regarding CSI-RS design [1].
	
Agreement:
The starting subcarrier of a CSI-RS component RE pattern
· For 1 port CSI-RS, there is no restriction
· For Y=2, is constrained to be one among even subcarriers, in the given PRB (indexed from 0)
· For Y=4, is constrained to be one among subcarriers 0, 4, 8, in the given PRB (indexed from 0)
Agreement:
At least {8, 9, 10, 11}-th OFDM symbol in a slot structure can be configured for CSI-RS transmission, in addition to the {6, 7, 13, 14}-th OFDM symbol. Note: the symbol locations assume that symbol indexing starts at 1.
· FFS: Other OFDM symbols 
Agreement:
Support configuring CSI-RS resource on BWP with a transmission BW equal to or smaller than the BWP. When the CSI-RS BW is smaller than the BWP, support at least the case that CSI-RS spans contiguous RBs in the granularity of N RBs, where the value of N is FFS. 
When CSI-RS BW is smaller than the corresponding BWP, it should be larger than X RBs (FFS: value of X)
FFS: Whether the value of X is same or different for beam management and CSI acquisition
FFS: The value of X may or may not be numerology-dependent
Agreement:
NR supports the following CSI-RS transmission periodicities 
{5, 10, 20, 40, 80, 160, 320, 640} slots
FFS: Restriction on periodicity as a function of subcarrier spacing
Agreement:
Support assigning CSI-RS port index within a CDM group first, then across CDM groups (analogous to LTE). FFS: order of CDM groups, e.g., frequency first or time first.

Agreement:
For each of the following RSs, c_init used for sequence generation will at least depend on UE specifically configured scrambling ID by RRC configuration
· DL: DMRS, CSI-RS resource
· FFS: Support of multiple IDs for DMRS
· UL: DMRS(for CP-OFDM), PTRS(for DFT-s-OFDM)




In this contribution, we further discuss remaining details on CSI-RS design based on the agreement in the previous meeting and email discussion.
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2. Discussions on CSI-RS design
2.1. CSI-RS Sequence
In the 2nd RAN1 NR Ad-Hoc meeting, it was agreed that PN sequence is used for CSI-RS for CSI acquisition and beam management. In consideration of low cross correlation characteristic of PN sequence, reusing length-31 LTE PN sequence would be one of appropriate options for NR CSI-RS sequence design. In NR system, however, sequence initialization for the second m-sequence should be redefined considering at least number of cell IDs, number of symbols in one slot, various subcarrier spacing numerologies, and limited sequence length, i.e., 31bits. 
Similar to LTE system, we can consider a following option for the sequence initialization value depending on the symbol index and slot index for interference randomization across OFDM symbols and slots, which can avoid reusing sequence initialization value during (10 ms) one frame as much as possible.
Option 1: In NR, CSI-RS sequence should be initialized by 
.
where  denotes slot index, and  denotes OFDM symbol index within a slot, and  is a UE specifically configured scrambling ID.
According to the above , the sequence initialization values are unique for all  in every OFDM symbol within one frame (10 ms) below 240 kHz subcarrier spacing numerology. For 480 kHz subcarrier spacing numerology, however, some sequence initialization values are reused within one frame in case of. More specifically, if , then we can rewrite the sequence initialization value as . Let us assume two possible values of  as  for  and  for , where  is an arbitrary natural number less than. Then, we can straightforwardly derive , which implies that the sequence initialization values are the same regarding two different values of , i.e.,  and , as shown in Figure 1.
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[bookmark: _Ref499506724]Figure 1. An illustration of the sequence initialization value reuse within one frame in case of  and 480 kHz subcarrier spacing.
In order to avoid the reuse of sequence initialization values within one frame for all , we can consider another option with a modification of the sequence initialization formula in option 1 by replacing  by  that cannot be represented as .

Option 2: In NR, CSI-RS sequence should be initialized by 
.
where  denotes slot index, and  denotes OFDM symbol index within a slot, and  is a UE specifically configured scrambling ID.
Proposal 1: We support option 2 for NR CSI-RS sequence initialization.

In LTE system, length-M PN sequence (for which M is the number of CSI-RS allocated RBs) is generated for all CSI-RS ports in one OFDM symbol, where effectively length-1 sequence per PRB is identically allocated over 12 subcarriers. In this case, if a particular sequence has unexpectedly high cross correlation with a sequence of adjacent cell, CSI acquisition performance for all CSI-RS ports can be degraded. In NR, therefore, different PN sequence should be allocated to the CSI-RS ports within a CDM group. Furthermore, since each CSI-RS port occupies 2 adjacent frequency REs per RB in a given OFDM symbol based on NR agreements so far (except for X=1), length-2 sequence per RB in one OFDM symbol can be used. It should be noted that PN sequence shows the lower cross correlation as sequence length increases.
 Motivated by these, in order to provide independent interference randomization effect to a group of CSI-RS ports with better cross correlation performance compared to LTE, we propose that CSI-RS ports in different CDM group are mapped to the different sequences by allocating different sequence element, denoted by C(k), to every CSI-RS allocated RE in a given OFDM symbol as shown in Figure 2.

Proposal 2: For a X-port CSI-RS resource, CSI-RS ports in different CDM group are mapped to the different sequences by allocating different sequence element, denoted by C(k) in Figure 1, to every CSI-RS allocated RE in a given OFDM symbol.

[image: C:\Users\admin\Desktop\그림2.png]
[bookmark: _Ref499507078]Figure 2. An illustrative example for using PN sequence for 4-port CSI-RS, where C(k) denotes one sequence element.

2.2. Power offset between CSI-RS and PDCCH
In RAN1 #90bis meeting, it was agreed that, for beam failure detection, the UE should aware the transmission power offset between CSI-RS and DMRS of PDCCH. Also, even though gNB does not send data streams to a UE, CSI-RS can be used for beam failure monitoring based on hypothetical PDCCH BLER, and hence the power offset between CSI-RS RE and PDCCH RE should be indicated to a UE.
Proposal 3: NR should support higher layer signaling (RRC) for indicating the power offset between CSI-RS RE and PDCCH RE to a UE.

2.3. CC/BWP information indication
Partial band CSI-RS is agreed to be supported in addition to wideband CSI-RS, and in RAN1 #90bis, there was an agreement that partial band can be the same as BWP, or smaller than BWP so that actual transmission bandwidth can be configured for CSI-RS. One of the main motivation of introducing partial band CSI-RS was to measure different CQI in case of different services are multiplexed within a wideband carrier. In NR phase I, only one BWP will be active at a time but dynamic BWP switching will be supported using DCI and/or MAC CE. Since CSI related settings are configured by RRC, NR should support configuring partial band information (e.g. BWP) at CSI-RS resource setting, including CSI-RS bandwidth configuration within a BWP. If the numerology of BWPs are different, a measurement gap can be configured for supporting UE’s measurements across multiple BWPs similarly to intra-frequency measurement across CCs.
Proposal 4: Support band configuration for CSI-RS in the resource setting.
· Band configuration includes at least BWP index, bandwidth, and RB position within a BWP.
· Periodic resources for the active BWP are automatically activated for measurement and reporting.
· Resources for the inactive BWPs are to be measured only when requested by network in a measurement gap. 

2.4. Collision handling among CSI-RS resources
When we consider hybrid beamforming, simultaneous activation of analog beam management and CSI acquisition for digital beamforming needs to be supported. To do so, multiple CSI-RS resources for CSI acquisition and beam management can be configured to UE, where each configured CSI-RS resource may be either an aperiodic, semi-persistent, or periodic type. In terms of gNB implementation, it would be difficult to always guarantee non-overlapping resource assignment for all the configured CSI-RS resources. Especially for aperiodic type of CSI-RS resources, the network may intend to trigger it in a slot where a collision to another configured CSI-RS resource may happen, in the aspect of flexible assignment of CSI-RS transmissions for different use cases. In terms of UE implementation as well, at least certain collision handling rules for prioritization among aperiodic/semi-persistent/periodic CSI-RS resources need to be specified including cases for CSI acquisition and beam management, so as to avoid any potential ambiguity due to collision on CSI-RS measurements and to allow network flexibility in such CSI-RS assignment and triggering.
Proposal 5: Define priority between aperiodic/semi-persistent/periodic CSI-RS resources including CSI-RS resource for the CSI acquisition and beam management, and CSI-RS with lower priority is dropped in case of collision with CSI-RS with higher priority.

2.5. Multiplexing of CSI-RS and DM-RS
Allowing only time-domain multiplexing of CSI-RS and DM-RS might be an appropriate option in terms of implementation simplicity. In consideration of many possible cases of the additional DM-RS configuration, however, TDM only would highly limit CSI-RS capacity. Therefore, frequency-domain multiplexing of CSI-RS and DM-RS should be allowed but some restrictions need to be considered. Depending on the location of additional DMRS symbol, we need to consider RE-level multiplexing of CSI-RS and DM-RS. As a simple example based on the agreements about possible locations of CSI-RS and DM-RS, Figure 3 can be considered where 8-port CSI-RS and 4-port type II DM-RS are multiplexed on the 6th OFDM symbol in frequency domain. For RE-level multiplexing, CSI-RS type including time-domain behavior, number of ports, and/or RE pattern allowed to be RRC configured in those potential symbol set for DMRS needs to be specified by considering different RE patterns according to different DMRS types.
Proposal 6: Regarding multiplexing between CSI-RS and DM-RS, RE-level multiplexing can be considered, with some restrictions on applicable CSI-RS types including time-domain behavior and DM-RS types.
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[bookmark: _Ref494722922]Figure 3. An example of RE pattern for 8-port CSI-RS with two 1-symbol additional 4-port DM-RS

2.6. Asymmetric number of component CSI-RS RE patterns for N=4
In RAN1 NR Ad-Hoc #3 meeting, support of uniform RE mapping across four symbols was agreed, and support of non-uniform case is still FFS. In consideration of various potential slot formats in which a single slot can be composed of multiple OFDM symbols for both uplink and downlink transmission, there are two obvious reasons why we should allow different number of component CSI-RS RE patterns between two pairs where each pair is composed of two adjacent OFDM symbols.
 Firstly, in case of a slot containing one or more symbols for uplink transmission, we cannot find a feasible uniform RE pattern in case that 32-port CSI-RS for CSI acquisition and one-port CSI-RS resource(s) for fine time-frequency tracking are configured within the same slot. (It was agreed in RAN1 #90bis meeting that TRS can be configured as one-port CSI-RS resource(s) with the agreed parameters given in [1].) If we should be aware of signaling overhead or UE complexity, some possible restrictions can be carefully considered. For example, we can confine the maximum number of component CSI-RS RE patterns in each pair while maintaining the uniform RE pattern as much as possible. If it is set to 5, then 5 component CSI-RS RE patterns can be located in one pair and remaining 3 component CSI-RS RE patterns can be located in another pair, and 6 component CSI-RS RE patterns maintain the uniform RE mapping pattern as shown in Figure 4.
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[bookmark: _Ref498539420]Figure 4. An illustrative example of RE pattern for 32-port CSI-RS resource for CSI acquisition and one-port CSI-RS resources for time-frequency tracking
Secondly, in consideration of possible configurations of the additional DM-RS, there are several cases where the uniform RE mapping pattern cannot be supported for RE-level multiplexing between 24/32-port CSI-RS and DM-RS. As an illustrative example, Figure 5 shows RE-level multiplexing between CSI-RS and one of the agreed additional DM-RS pattern.
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[bookmark: _Ref494381151]Figure 5. An illustrative example of RE pattern for 24-port CSI-RS resource with one 2-symbol additional 4-port DMRS
Proposal 7: For 24-port and 32-port CSI-RS spanning N=4 OFDM symbols, NR should support different number of component CSI-RS RE patterns between two pairs where each pair is composed of two adjacent OFDM symbols.


2.7. CSI-RS port configuration and numbering
Regarding port subset restriction issue, the followings are agreed in the previous meeting, [2]:
· Down-select among the following two options
· Alt 1: The number of antenna port configured for the UE for NZP CSI-RS resource (P) is always equal to the number of antenna ports configured for CSI acquisition and reporting, i.e. N1*N2*2 = P (analogous to LTE)
· Alt 2: The number of antenna port configured for the UE for NZP CSI-RS resource (P) can be more than or equal from the antenna ports configured for CSI acquisition and reporting, i.e. N1*N2*2 <= P
· FFS on indication of the antenna ports subset for the channel measurements for CSI feedback
Compared to Alt 1, support of Alt 2 would be beneficial for several aspects. First, Alt 2 can enable sub-array based MU-MIMO operation for large antenna array systems. Network can initially configure a large number of CSI-RS ports according to the number of TRP antennas to be shared among multiple UEs by RRC but can optimize per-UE CSI reporting via assigning each sub-array or panel per a group of UEs based on UL sounding information or UE feedback. Second, Alt 2 can also be useful for supporting high mobility UEs more efficiently because very narrow beamforming will not be useful for the high mobility UE and also higher rank will not be achievable for the high mobility UEs. For example, network can ask high mobility UEs to report 2 port PMI among 16 CSI-RS ports to acquire rough beamforming direction with a restricted rank. In addition, it can also be used to gather CSI information for the vertical dimension and horizontal dimension respectively in the case where vertical dimension information is not frequently changed. Via reducing the number of CSI-RS ports per UE, UE burden for heavy CSI computation can be alleviated and UCI payload size can also be reduced. From specification point of view, Alt 2 can be supported simply via introducing antenna port restriction or antenna port size restriction signalling.
Proposal 8: NR supports Alt 2, i.e., the number of antenna port configured for the UE for NZP CSI-RS resource (P) can be more than or equal from the antenna ports configured for CSI acquisition and reporting, i.e., N1*N2*2<=P.


3. Conclusion
This contribution discussed remaining issues on NR CSI-RS design, and our proposals are summarized as follows:

Proposal 1: We support option 2 for NR CSI-RS sequence initialization.
Option 2: In NR, CSI-RS sequence should be initialized by 
,
where  denotes slot index, and  denotes OFDM symbol index within a slot, and  is a UE specifically configured scrambling ID.
Proposal 2: For a X-port CSI-RS resource, CSI-RS ports in different CDM group are mapped to the different sequences by allocating different sequence element, denoted by C(k) in Figure 1, to every CSI-RS allocated RE in a given OFDM symbol.
Proposal 3: NR should support higher layer signaling (RRC) for indicating the power offset between CSI-RS RE and PDCCH RE to a UE.
Proposal 4: Support band configuration for CSI-RS in the resource setting.
· Band configuration includes at least BWP index, bandwidth, and RB position within a BWP.
· Periodic resources for the active BWP are automatically activated for measurement and reporting.
· Resources for the inactive BWPs are to be measured only when requested by network in a measurement gap. 
Proposal 5: Define priority between aperiodic/semi-persistent/periodic CSI-RS resources including CSI-RS resource for the CSI acquisition and beam management, and CSI-RS with lower priority is dropped in case of collision with CSI-RS with higher priority.
Proposal 6: Regarding multiplexing between CSI-RS and DM-RS, RE-level multiplexing can be considered, with some restrictions on applicable CSI-RS types including time-domain behavior and DM-RS types.
Proposal 7: For 24-port and 32-port CSI-RS spanning N=4 OFDM symbols, NR should support different number of component CSI-RS RE patterns between two pairs where each pair is composed of two adjacent OFDM symbols.
Proposal 8: NR supports Alt 2, i.e., the number of antenna port configured for the UE for NZP CSI-RS resource (P) can be more than or equal from the antenna ports configured for CSI acquisition and reporting, i.e., N1*N2*2<=P.
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