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Introduction
In RAN1 NR-AH#2, the following is agreed for the CSI-RS for beam management. 
	Agreements:
· CSI-RS resource with 1-port and 2-port for one OFDM symbol can be used for beam management
· Value of D>=1 represents RE/RB/port within a OFDM symbol.
· For the case of 1-port
· No CDM
· Subcarrier spacing within a PRB for D>1
· Even spacing
· Constant subcarrier spacing across PRB(s)
· Constant subcarrier spacing within a BWP
· FFS the values of D 
· For the case of 2-port:
· Reuse the same pattern as that of for CSI acquisition at least for D=1 (if supported)
· FFS: the potential number of CSI-RS OFDM symbols for beam management
· FFS: other values of X and D for beam management 
· In the LS to RAN4, add “RAN1 are discussing the respective possible limited set values of D for 1-port and 2-port CSI-RS resource, e.g., taking from {1, 2, 3, 4, 6}. RAN4 is also welcome to provide inputs to select the values of D for 1-port and 2-port CSI-RS resources, respectively”




RE mapping for CSI-RS resource with 2-port
According to the agreement in NR-AH#2, a CSI-RS resource with 2-port can reuse the same pattern as that of for CSI acquisition at least for D = 1. For D > 1, in our view, the same principle should be applied for the CSI-RS resource with 1-ports and with 2-port in terms of No CDM and constant spacing between REs mapped on CSI-RS. Considering the case of multiple resources on one OFDM symbol, the subcarrier spacing between two REs mapped on different antenna ports should also be even spacing across resources as shown in Fig 1. 

Proposal 1: CSI-RS resource with 2-port for one OFDM symbol can be used for beam management
· For D > 1
· No CDM
· Subcarrier spacing for the first port 
· Even spacing within a PRB and across PRB(s)
· Constant subcarrier spacing within a BWP
· Subcarrier spacing for the second port
· Even spacing within a PRB and across PRB(s)
· Constant subcarrier spacing within a BWP
· Subcarrier spacing between first and second ports
· Even spacing within a resource
· Even spacing across resource(s)
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      (a) One resource is configured w/ D = 3	      (b) Two resources are configured w/ D = 1.5
Fig 1 RE mapping pattern for CSI-RS resource(s) with 2-port on one OFDM symbol

RE mapping for K CSI-RS resources
1.1 Periodic / Semi-persistent CSI-RS
Based on the agreed RE mapping pattern for single antenna port, K CSI-RS resources can be configured on one OFDM symbol as shown in Table 1. Depending on the configuration index, the specific value of D [REs/RB/port] is determined as well as the number of configured resources on one OFDM symbol K. To avoid collision of RE mappings between K resources, different RE mapping offset values 0, 1, …, K-1 should be applied for those K resources, respectively. Note that only configuration index needs to be included in the CSI-RS resource setting and the other parameters are consequently derived by UE based on Table 1.
All the K resources can be configured as non-zero power (NZP) CSI-RS or some of K resources can be configured as zero power (ZP) CSI-RS. Both for accurate serving cell L1-RSRP measurements and inter-cell interference measurements, it would be possible solution that adjacent cells have different RE mapping patterns for NZP and ZP CSI-RS. For the full flexibility of NZP and ZP CSI-RS configuration, K-bit length bitmap b0b1…bK-1 can be included in the CSI-RS resource setting for beam management. If bk is set to “1”, then the corresponding (k+1)th resource is configured as NZP CSI-RS. Or if bk is set to “0”, then the corresponding (k+1)th resource is configured as ZP CSI-RS. 
Although this type of configuration has much smaller overhead compared to the one explained below, one limitation of this approach is that this can only configure K resources without any remaining REs in the frequency domain. Therefore one symbol should be dedicatedly used for this type of configuration, and it is hard to configure some of K resources only as a periodic CSI-RS (P CSI-RS) for a certain UE. One possible way is that configuring all K resources as a semi-persistent CSI-RS (AP CSI-RS) for multiple UEs, and activating some of K resources for a certain UE. Considering the above aspects, this type of configuration is suitable for the resource setting of P1 CSI-RS.

Table 1 Configuration for K SP CSI-RS resources with single antenna port (Type-1)
	Configuration index(1)
	D [REs/RB/port]
	Number of antenna ports per resource (X)
	Number of configured resources  on one OFDM symbol (K)
	RE mapping offset for each resource (k)

	0
	6
	1
	2
	k = k 
for k = 0, 1

	1
	3
	1
	4
	k = k 
for k = 0, 1, 2, 3

	2
	1.5
	1
	8
	k = k 
for k = 0, 1, …, 7


(1) Need to be included in the CSI-RS resource setting

Proposal 2: For D > 1, NR supports Table 1 for the configuration of P/SP CSI-RS resource with 1-port 

Proposal 3: For P/SP CSI-RS with D > 1, a resource setting configuring K resources per symbol includes K-bit length bitmap b0b1…bK-1 
· If bk is set to “1”, then (k+1)th resource is configured as NZP CSI-RS.
· If bk is set to “0”, then (k+1)th resource is configured as ZP CSI-RS.

1.2 Aperiodic CSI-RS
Another possible way of configuration for K resources can include specific values for parameters D, K, and k in a CSI-RS resource setting. Although this type of configuration may have larger overhead compared to the above approach, this can configure K as a flexible number as shown in Table 2. This type of configuration is suitable for resource setting for P2/P3 aperiodic CSI-RS (AP CSI-RS) since the number of resources (K) is closely depending on the selected number of beams by network during P1 procedure. Based on this configuration, K resources on one OFDM symbol can be configured as NZP CSI-RS. For the remaining REs (not mapped to those K resources) on that OFDM symbol, we can consider two possible use cases as follows. 
· Case 1: The remaining REs can be used for another AP CSI-RS configuration for different UEs
· Case 2: The remaining REs can be used for ZP CSI-RS for interference measurement
Although whether to support Case 1 or Case 2 is up to network’s decision, but at least UE need to know if the remaining REs are configured as ZP CSI-RS for Case 2. 

Proposal 4: For D > 1, NR supports Table 2 for the configuration of AP CSI-RS resource with 1-port

Proposal 5: For AP CSI-RS with D > 1, a resource setting includes 1-bit field to indicate whether the remaining REs not mapped to the configured resource(s) are configured as zero power CSI-RS or not.




Table 2 Configuration for K P/AP CSI-RS resources with single antenna port (Type-2)
	Configuration index(1)
	D [REs/RB/port]
	Number of antenna ports per resource (X)
	Number of configured resources  on one OFDM symbol (K)
	RE mapping offset for each resource (k)

	0
	6
	1
	K = 1
	0 = 0

	1
	
	
	
	0 = 1

	2
	
	
	K = 2
	k = k 
for k = 0, 1

	3
	3
	
	K = 1
	0 = 0

	4
	
	
	
	0 = 1

	5
	
	
	
	0 = 2

	6
	
	
	
	0 = 3

	7
	
	
	K = 2
	0 = 0, 1 = 2

	8
	
	
	
	0 = 1, 1 = 3

	9
	
	
	K = 4
	k = k 
for k = 0, 1, 2, 3

	10
	1.5
	
	K = 1
	0 = 0

	11
	
	
	
	0 = 1

	12
	
	
	
	0 = 2

	13
	
	
	
	0 = 3

	14
	
	
	
	0 = 4

	15
	
	
	
	0 = 5

	16
	
	
	
	0 = 6

	17
	
	
	
	0 = 7

	18
	
	
	K = 2
	0 = 0, 1 = 4

	19
	
	
	
	0 = 1, 1 = 5

	20
	
	
	
	0 = 2, 1 = 6

	21
	
	
	
	0 = 3, 1 = 7

	22
	
	
	K = 4
	0 = 0, 1 = 2, 
2 = 4, 3 = 6

	23
	
	
	
	0 = 1, 1 = 3, 
2 = 5, 3 = 7

	24
	
	
	K = 8
	k = k 
for k = 0, 1, …, 7


(1) Need to be included in the CSI-RS resource setting
Configuration of CSI-RS resources on N OFDM symbols
Let’s assume K x N P/SP CSI-RS resources are needed P1 beam management procedure. Note that K is the number of CSI-RS resource per OFDM symbol, which can be up to number of antenna panels at TRP (e.g. K =< 4 or [8]). The total number of OFDM symbols used for the P/SP CSI-RS is denoted by N, which can be up to number of SS blocks (e.g. N =< 64) to support symbol-level QCL relation between SS blocks and P/SP CSI-RS. In this regard, up to 256 or [512] resources (i.e. K = 4 or [8] and N = 64) can be considered for the configuration of P/SP CSI-RS. 
Based on Table 1 or Table 2, a resource setting includes “configuration index” to indicate RE mapping configuration on one OFDM symbol. A resource setting should further indicate specific location information of N1 OFDM symbols and N2 slots. The total number of OFDM symbols N used for the transmission of the P/SP CSI-RS are defined as N = N1 x N2. One possible way of configuring the specific location of slots is indicating two parameters (starting slot index, number of consecutive slots) in the resource setting. For the indicated slots, specific OFDM symbol locations can be further indicated by using length-14 bitmap b0b1…b13. If bk is set to “1”, then (k+1)th OFDM symbol within those slots is used for the CSI-RS transmission. Or if bk is set to “0”, then (k+1)th OFDM symbol within those slots is used for the CSI-RS transmission.
According to the agreed CSI framework in NR, the following alternatives can be listed for the possible way of configurations 
· Alt-1: M = 1 setting, S = 1 resource set in a setting, Ks = 256 resources per set
· Alt-2: M = 1 setting, S = 64/N1 resource sets in a setting, Ks = 4N1 resources per set
· Alt-3: M = 64/N1 setting, S = 1 resource set in a setting, Ks = 4N1 resources per set
Depending on alternatives, resource setting would have different configuration parameters and may have different configuration overhead. We may consider either Alt-2 to configure multiple sets by single setting or Alt-3 to configure multiple sets by multiple settings. Compared to Alt-1, either Alt-2 or Alt-3 can possibly support various interpretations of resource sets in system operational perspective. One possible interpretation of the resource set is that all the resources in a resource set can be QCLed with a single SS block. The other possible interpretation of the resource set is that all the resources in a resource set can be associated with a virtual sector or TRP. However, it should be guaranteed that multiple sets configured by different settings can be linked to a single measurement/reporting setting just like how multiple sets in a single setting can be linked, all those three alternatives can be supported in NR.


Conclusions
Proposal 1: CSI-RS resource with 2-port for one OFDM symbol can be used for beam management
· For D > 1
· No CDM
· Subcarrier spacing for the first port 
· Even spacing within a PRB and across PRB(s)
· Constant subcarrier spacing within a BWP
· Subcarrier spacing for the second port
· Even spacing within a PRB and across PRB(s)
· Constant subcarrier spacing within a BWP
· Subcarrier spacing between first and second ports
· Even spacing within a resource and across resource(s)
· Even spacing across resource(s)
[bookmark: _GoBack]
Proposal 2: For D > 1, NR supports Table 1 for the configuration of P/SP CSI-RS resource with 1-port

Proposal 3: For P/SP CSI-RS with D > 1, a resource setting configuring K resources per symbol includes K-bit length bitmap b0b1…bK-1 
· If bk is set to “1”, then (k+1)th resource is configured as NZP CSI-RS.
· If bk is set to “0”, then (k+1)th resource is configured as ZP CSI-RS.

Proposal 4: For D > 1, NR supports Table 2 for the configuration of AP CSI-RS resource with 1-port 

Proposal 5: For AP CSI-RS with D > 1, a resource setting includes 1-bit field to indicate whether the remaining REs not mapped to the configured resource(s) are configured as zero power CSI-RS or not.
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