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[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424][bookmark: _Ref129681832]It was agreed to study the necessity of additional periodicity for CSI-RS/CSI-IM [1]:
	Agreement:
· Introduce additional periodicities of {4,8,16,32,64} slots and the corresponding slot offsets to at least the following periodic/semi-persistent RS:
· CSI-RS (includes ZP-CSI-RS and NZP-CSI-RS)
· SRS
· FFS on whether and how to align to additional periodicities as agreed in the frame structure agenda
· “The two periodicities form X ms + Y ms total periodicity, where X, and Y are from {0.5, 0.625, 1, 1.25, 2, 2.5, 5, 10} ms”
· FFS on CSI-IM periodicity of 1 slot

Agreement:
For the details of CSI-IM periodicity, the candidate values of periodicity and slot offset of CSI-IM are the same as those of NZP CSI-RS
· The above agreement applies for both periodic and semi-persistent CSI-IM


On CSI-RS bandwidth configuration, one text proposal is agreed as follows [2]:
	Agreement:
Text proposal for Section 5.2.2.3.1 in 38.214
-	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]. If the configured bandwidth is larger than the corresponding BWP, UE shall assume that the actual CSI-RS bandwidth is equal to the BWP size.


Regarding commonality for CSI-RS resource within one CSI-RS set, we have the following agreement in [2]:
	Agreement:
· The UE expects that all the CSI resources of a resource set are configured with the same starting RB and number of RBs and the same CDM-type.
· FFS: Other parameters


In addition, on CSI reporting using PUSCH, it was agreed to have subband boundaries aligned with PRG boundaries in the CRB grid [1]:
	Agreement:
· Subband boundaries are aligned with PRG boundaries in the CRB grid
· 



The first subband size is given by and the last subband size given by  if  and S if , where
· S is the configured subband size for the BWP
· 
 is the BWP starting position in the CRB grid
· 
 is the BWP bandwidth
· 

The value range of csi-ReportingBand is a bitmap of size   where    is the bandwidth of the associated DL CC and S is the subband size.
· Configuration of csi-ReportingBand with subbands which lie outside the associated BWP is not allowed
· Note: RAN2 may decide to make this optional and if this field is not present, the reporting band is the same as the CSI-RS bandwidth


For NZP CSI-RS/CSI-IM measurement, it has been concluded in [3] that
	Conclusion:
UE performs the same measurement on NZP CSI-RS or CSI-IM regardless of whether they collide with ZP CSI-RS or not.


In this paper, we discuss the remaining issues on CSI-RS.
Bandwidth configuration 
It was agreed in [4] that the higher layer parameter CSI-RS-FreqBand configures the initial RB index and the number of spanned RBs, both in the units of 4RBs, for a CSI-RS resource within a BWP. This was captured in Section 5.2.2.3.1 of 38.214. However, the reference point for the initial RB index is not clearly defined. 
For CSI reporting using PUSCH, it was agreed in [1] that reporting subband boundaries are aligned with PRG boundaries in the CRB grid, and all the subband sizes in Table 5.2.1.4-2 of 38.214 are multiple of 4 RBs. To align at subband boundaries, we suggest defining the reference point for the initial RB index as common resource block 0.
Proposal 1: Clarify that the reference point for the initial RB index is the common resource block 0. 
In #92bis meeting [2], it was agreed that UE always assumes that the actual CSI-RS bandwidth is equal to the BWP size when the configured bandwidth is larger than the corresponding BWP. Since the actual CSI-RS bandwidth will also be determined by the initial RB index, the actual CSI-RS bandwidth can be smaller than the BWP size. Therefore, the agreement should be revised to avoid ambiguity at UE side.
Based on the above analysis, we have the following text proposal for 5.2.2.3.1 in 38.214 [4].
	< Unchanged parts are omitted >
-	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]. The reference point for the initial RB index is common resource block 0. If the configured bandwidth is larger than, UE should assume that the actual CSI-RS bandwidth is equal to.
< Unchanged parts are omitted >


Additional periodicity 
Considering flexible UL/DL switching periodicity, it was agreed in [1] that additional periodicities of {4, 8, 16, 32, 64} slots and the corresponding slot offsets are supported at least for periodic/semi-persistent CSI-RS. There is a FFS on whether and how to align to additional periodicities as agreed in the frame structure agenda. In our view, introducing additional CSI-RS periodicities will further increase the implementation complexity while the gain is unclear. In addition, as already captured in specs, the scheduled CSI-RS can be dropped if it happens to be located in an UL slot. In other words, the system can work without introducing additional CSI-RS periodicities. 
Proposal 2: Additional periodicities for CSI-RS transmission is not supported in Rel-15.
Common configuration within one set 
It was agreed in [2] that all the CSI-RS resources within one set will be configured with the same starting RB and number of RBs and the same CDM-type, and FFS other parameters. Basically, to ensure configuration flexibility, it is preferred that CSI-RS resources within one set can be configured with different values regarding other parameters. But memory requirement should also be taken into account and some of them are better to be configured at per-set basis. 
It was agreed in [2] that the BWP_info is now a parameter of NZP-CSI-RS resource, which was earlier configured in the CSI resource setting CSI-resourceConfig. Basically there is no need to have two BWP_info in both NZP-CSI-RS resource and CSI-resourceConfig for the sake of brevity. For the case that BWP_info is a parameter of CSI-resourceConfig, an unnecessary constraint is imposed that one NZP-CSI-RS resource cannot be simultaneously configured in two different resource settings with different BWP-info. At the time, it is also functionally incorrect if different NZP-CSI-RS resources within a resource set are configured with different BWP_info, considering only one active BWP is supported in Rel-15. 
Actually, the CSI-RS is activated/triggered at CSI-RS resource set basis. Thus, a set based configuration of BWP_info provides the best balance between the flexibility and functional correctness. For example, up to 16 aperiodic CSI-RS resource sets are associated to one resource setting and one reporting setting. A UE can be dynamically switched to different BWPs for quick channel measurement and then switch back to the BWP defined in reporting setting for CSI report. 
Therefore, the parameter of BWP_info in each NZP-CSI-RS resource should have common configuration within a CSI-RS resource set. And the one configured in CSI-ResourceConfig can be removed.
[bookmark: _GoBack]Proposal 3: The parameter BWP_info for NZP-CSI-RS resources should be configured on per-set basis.
Sequence generation 
Based on agreement in RAN1#91, the sequence generation and initialization is captured for CSI-RS in the current 38.211 section 7.4.1.5.2 as follows:
The UE shall assume the reference-signal sequence [image: ] is defined by
[image: ]
where the pseudo-random sequence [image: ] is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialized with
[image: ]
at the start of each OFDM symbol where [image: ] is the slot number within a radio frame, [image: ] is the OFDM symbol number within a slot, and [image: ] equals the higher-layer parameter scramblingID.

To cater for various service requirement in NR, both ECP and NCP are supported. For ECP with 60kHz subcarrier case, =12, which is different to NCP case. Therefore, ‘14’ in the initialization should be changed as N_symb^slot to support both ECP and NCP cases.
	< Unchanged parts are omitted >
where the pseudo-random sequence [image: ] is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialized with
[image: ]


at the start of each OFDM symbol where [image: ] is the slot number within a radio frame, [image: ] is the OFDM symbol number within a slot, and [image: ] equals the higher-layer parameter scramblingID.
< Unchanged parts are omitted >


Measurement on NZP CSI-RS or CSI-IM 
There was a conclusion in RAN#92 [5] that UE performs the same measurement on NZP CSI-RS or CSI-IM regardless of whether they collide with ZP CSI-RS or not. However, the conclusion has not been captured in the current specs. To implement the following conclusion, we propose the following text proposal in 38.211.
	< Unchanged parts are omitted >
Zero-power and non-zero-power CSI-RS are defined
-	for a non-zero-power CSI-RS, the sequence shall be generated according to clause 7.4.1.5.2 and mapped to resource elements according to clause 7.4.1.5.3
-	for a zero-power CSI-RS, the UE shall assume that the resource elements defined in clause 7.4.1.5.3 are not used for PDSCH transmission and shall make no assumption on downlink transmission in those resource elements, unless otherwise specified or indicated.

< Unchanged parts are omitted >


Summary of proposals
The proposals in this paper are summarized as follows. 
Proposal 1: Clarify that the reference point for the initial RB index is the common resource block 0.
Proposal 2: Additional periodicities for CSI-RS transmission is not supported in Rel-15.
Proposal 3: The parameter BWP_info for NZP-CSI-RS resources should be configured on per-set basis.
Regarding CSI-RS bandwidth configuration, we have the following text proposal for 5.2.2.3.1 in 38.214 [4].
	< Unchanged parts are omitted >
-	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]. The reference point for the initial RB index is common resource block 0. If the configured bandwidth is larger than, UE should assume that the actual CSI-RS bandwidth is equal to.
< Unchanged parts are omitted >



To cater for both NCP and ECP cases, we have the following text proposal for 7.4.1.5.2 in 38.211.
	< Unchanged parts are omitted >
where the pseudo-random sequence [image: ] is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialized with


at the start of each OFDM symbol where [image: ] is the slot number within a radio frame, [image: ] is the OFDM symbol number within a slot, and [image: ] equals the higher-layer parameter scramblingID.
< Unchanged parts are omitted >



To implement the conclusion in RAN1#92 that “UE performs the same measurement on NZP CSI-RS or CSI-IM regardless of whether they collide with ZP CSI-RS or not.”  We have the following text proposal for 7.4.1.5.1 in 38. 211
	< Unchanged parts are omitted >
Zero-power and non-zero-power CSI-RS are defined
-	for a non-zero-power CSI-RS, the sequence shall be generated according to clause 7.4.1.5.2 and mapped to resource elements according to clause 7.4.1.5.3
-	for a zero-power CSI-RS, the UE shall assume that the resource elements defined in clause 7.4.1.5.3 are not used for PDSCH transmission and shall make no assumption on downlink transmission in those resource elements, unless otherwise specified or indicated.
< Unchanged parts are omitted >
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