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1 Introduction

In RAN#78 meeting, NSA specifications of NR were declared as complete and frozen. It has been agreed that RAN1 shall continue to focus on stabilizing basic and essential functionality for the scope of the December drop in this RAN1 AH1801 meeting. There are some remaining details on CSI-RS which need to be refined or updated in the specification. We provide our TPs on CSI-RS related issues in this contribution.

2 CSI-RS related issues
2.1 Periodicity values of periodic CSI-RS and semi-persistent CSI-RS

Compared with LTE, NR has the targeted frequency range up to 100 GHz and the mobility target up to 500km/h [1], while LTE works below 6 GHz only and the supported mobility speed is only up to 350km/h [2]. To meet higher NR requirements, NR needs more flexible slot structure to adapt to different numerologies and shorter latency on both data and CSI measurement/feedback. Taking these into account, NR supports flexible UL/DL switching periodicity, such as 0.5ms/1ms/2ms/5ms/10ms.  Therefore, 2^n slots based frame structure is supported in NR in addition to the 5*n slot based structure. As described in our companion contribution [9], there are various benefits of supporting the 2^n slots based frame structure e.g. in order to support 2ms DL/UL switching time especially if we consider lower latency requirements in NR. So it is important to have good specification support to make such frame structure useful in NR deployment. In order to support flexible slot format considering different numerologies and shorter CSI measurement interval in NR, we propose to support {4,8,16} slots for CSI-RS periodicity.  A TP on CSI-RS periodicity values is shown below and the TP on CSI report periodicity values is contained in our companion contribution [3].
In the current NR specifications, the supported CSI-RS periodicity values are {5,10,20,40,80,160,320,640}. We propose to: 
Proposal 1: Add periodicity values of 4, 8 and 16 to the RRC parameter CSI-RS-timeConfig in 38.331 i.e. {4,5,8,10,16,20,40,80,160,320,640} and update the following table in 38.211.

TP 1：The text in {38.211：7.4.1.5.3
Mapping to physical resources}

	Table 7.4.1.5.2-6: Slots containing CSI-RS.
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CSI-IM

For CSI-IM periodicity, it is TBD in 38.214 as shown below.  We propose to just follow the periodicity for CSI-RS.

-
CSI-IM-timeConfig defines the CSI-IM periodicity and slot offset for periodic/semi-persistent CSI-IM according to the Subclause TBD of [4, TS 38.211].
Proposal 2:  For CSI-IM periodicity, follow the same set of slot offset and periodicity values defined for CSI-RS. 

2.2 CSI-RS port index mapping

In RAN1 #90b [4] and #91 [5], two agreements were achieved about CSI-RS port index mapping to RE.

· 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.

· Support assigning CSI-RS port index across CDM groups first in frequency domain and then in time domain.
However, the current specification does not explicitly express the above agreements. Furthermore, the link between CSI-RS port index and CDM group number is not fully reflected in the current specification.

Description for CSI-RS port index mapping  in section 7.4.1.5.3 of 38.211:
· The UE shall assume that a CSI-RS is transmitted using antenna ports numbered across CDM groups first in the frequency domain, then in time domain, starting with antenna port 3000.

So we have such following TP.

TP 2: The text in {38.211：7.4.1.5.3
Mapping to physical resources}
	The UE shall assume that a CSI-RS is transmitted using antenna ports numbered according to the following equations.
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, where s is the CDM sequence index provided by Tables 7.4.1.5.2-2 to 7.4.1.5.2-5, L is CDM length and N is the number of transmitted CSI-RS ports. CDM group index i is numbered in increasing order of first the frequency domain allocation and then in increasing order of the time domain allocation.


2.3 Multiplexing between CSI-RS and DM-RS
For multiplexing between CSI-RS and DM-RS，the agreement in RAN1 #91 [5] is the following.

· UE is not expected to receive CSI-RS and DMRS on overlapping REs

However, the agreement seems not correctly reflected in the current specification since higher layer configured DMRS is not equal to the actually received DMRS. That’s because the number of actual DMRS symbols also depends on the PDSCH duration which is described in section 7.4.1.1.2 of 38.211. 

TP 3：The text in {38.211：7.4.1.5.3
Mapping to physical resources}
	The UE is not expected to receive a CSI-RS in resource elements overlapping with  DM-RS.


2.4 The meaning of “ON/OFF” for CSI-RS-ResourceRep

In the current spec, the description of repetition in CSI-RS resource set for L1-RSRP computation (i.e. for BM) is different from the description for repetition for tracking. The repetition for tracking is described by the same antenna port but the repetition for BM is described by the same downlink spatial transmission filter.  There are two issues as described below:

· The first issue is the specification should describe what UE is expected to observe from the repeated resource.  It should not mandate the gNB behavior on how it achieves the repetition.   

· If the description for BM and tracking is different, it implies that the meanings of these two repetition schemes are also different. This may imply that the repetition for BM has different requirement on repetition.  With the current description, it is unclear whether it is tighter requirement or less tight. If it is less tight, it is not desirable for the UE to perform beam sweeping if the channel observed from different repeated resources can be different.  The comparison would not be fair.  

Regarding whether to use the same periodicity and number of CSI-RS ports for L1-RSRP computation, it’s unclear in the current description whether UE may assume the CSI-RS resources within the resource set are transmitted  with same periodicity in CSI-RS-timeConfig and NrofPorts in every symbol if CSI-RS-ResourceRep is set to‘OFF’. In our view, it is better to configure the same number of CSI-RS ports and periodicity for beam management. This is useful to get fair RSRP comparison and reduce UE complexity. So the description on the same periodicity and number of ports should be applied to both ‘ON’ and ‘OFF’ cases.
TP 4：The text in {38.214：5.1.6.1.2
CSI-RS for L1-RSRP computation }
	The UE is not expected to receive different periodicity in CSI-RS-timeConfig and NrofPorts in every CSI-RS resource within the set.
If a UE is configured with the higher-layer parameter CSI-RS-ResourceRep set to ‘ON’, the UE shall assume that the antenna port with the same port index of the configured NZP CSI-RS resources in the CSI-RS resource set is same. , where the CSI-RS resources in the resource set are transmitted in different OFDM symbols. If the CSI-RS-ResourceRep is set to ‘OFF’, the UE may not assume that the antenna port with the same port index of the configured NZP CSI-RS resources in the CSI-RS resource set is same.


The corresponding changes for the section 5.2.2.3.1 of 38.214 are also added in the TP6 in section 2.6 of this tdoc.

2.5 CDMType definition

In NR, we agreed four CDM values 0, 1, 2 and 3 which correspond to No CDM, FD-CDM2, CDM4 and CDM8 respectively. In other words, one CDM value links a unique CDM pattern. Consequently, configuring either CDM value or CDM pattern is enough rather than both. 

TP 5：The text in {38.214：5.2.2.3.1
Non-zero power CSI-RS }
	-
CDMType defines CDM values, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211].


2.6 Other TPs

In 38.214 section 5.2.2.3.1, there are some minor issues and typos to be fixed.

· Issue 1: Pc-PDCCH parameter

Since we have agreed Pc-PDCCH is always 0 dB, so it's unnecessary to be configured by high layer.

· Issue 2: Multiplexing of CSI-RS and CORESET

Since the description in TS38.211 is enough for multiplexing of CSI-RS and CORESET, the description in TS38.214 is redundant.

· Issue 3: Multiplexing of CSI-RS and SS/PBCH block

· It was made for BM other than CSI that the UE may be configured the CSI-RS in same OFDM symbols as SS/PBCH block. So a restriction should be added.

· Issue 4: CSI-RS-Density parameter should be port level.

· Issue 5: QCL-InfoPeriodicCSI-RS parameter should be clarified.
Based on above issues, we provide our TP as following.

TP 6：The text in {38.214：5.2.2.3.1
Non-zero power CSI-RS}
	The following parameters for which the UE shall assume non-zero transmission power for CSI-RS resource are configured via higher layer parameter NZP-CSI-RS-ResourceConfig for each CSI-RS resource configuration:
-
NZP-CSI-RS-ResourceConfigId determines CSI-RS resource configuration identity.
-
NrofPorts defines the number of CSI-RS ports, where the allowable values are given inSubclause 7.4.1.5 of [4, TS 38.211].
-
CSI-RS-timeConfig defines the CSI-RS periodicity and slot offset for periodic/semi-persistent CSI-RS. The allowable periodicity values of are given in subclause [TBD] of [4, TS 38.211]. 
-
CSI-RS-ResourceMapping defines the OFDM symbol and subcarrier occupancy of the CSI-RS resource within a slot that are given in Subclause 7.4.1.5 of [4, TS 38.211].
-
CSI-RS-Density defines CSI-RS frequency density of each CSI-RS port per PRB, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211].
-
CDMType defines CDM values and pattern, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211].
-
CSI-RS-FreqBand parameters configure the bandwidth and the initial RB index in the frequency domain, both in units of 4RBs, of a CSI-RS resource within a BWP as defined in Subclause 7.4.1.5 of [4, TS 38.211].
-
Pc: which is the assumed ratio of PDSCH EPRE to non-zero power CSI-RS EPRE when UE derives CSI feedback and takes values in the range of [-8, 15] dB with 1 dB step size,

-
Pc_SS: which is the assumed ratio of SS/PBCH block EPRE to non-zero power CSI-RS EPRE. 
-
ScramblingID: defines scrambling ID of CSI-RS with length of 10 bits
-
CC_Info defines which component carrier the configured CSI-RS is located in.
-
BWP-Info defines which bandwidth part the configured CSI-RS is located in.
-  CSI-RS-ResourceRep parameter associated with a CSI-RS resource set defines whether resource repetition within the resource set is ON/OFF as described in Subclause 5.1.6.1.2.
-  QCL-InfoPeriodicCSI-RS indicates the quasi-co-location assumption provided by a reference to a TCI-RS-SetConfig. If a TCI-RS-SetConfig in the list is configured with a reference to an RS associated with QCL-TypeD, that RS can be either an SS/PBCH block or another periodic CSI-RS located in same or different CC/BWP.
Pc-PDCCH  is the assumed ratio of PDCCH EPRE to non-zero power CSI-RS EPRE and takes the value of 0 dB.


The UE may be configured the CSI-RS in same OFDM symbols as SS/PBCH block, but not in the same resource elements, if the higher layer parameter NrofPorts is configured as 1 or 2.



3 Conclusion

In this contribution, we provide TPs on CSI-RS related issues to the current NR specifications.  We have the following proposals:
Proposal 1: Add periodicity values of 4, 8 and 16 to the RRC parameter CSI-RS-timeConfig in 38.331 i.e. {4,5,8,10,16,20,40,80,160,320,640} and update the corresponding table in 38.211.
Proposal 2: For CSI-IM periodicity, follow the same set of slot offset and periodicity values defined for CSI-RS.
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