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1 Introduction

In RAN1 #AH1801 meeting, the following have been agreed regarding to the periodicity of CSI-RS/SRS configuration:

Agreement:
· Introduce additional periodicities of {4,8,16,32,64} slots and the corresponding slot offsets to at least the following perisodic/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”

In this contribution, the alignment between CSI-RS and 2 concatenated DL-unknown-UL periodicity is discussed.

2 CSI-RS Time Configuration

Based on the agreement on semi-static DL/UL assignment, NR supports flexible UL/DL switching periodicity, such as 0.5ms, 0.625ms, 1ms, 2ms, 2.5ms, 5ms, 10ms. Therefore, two types of periodicities in terms of number of slots in the periodicity are supported: Type 1 is periodicities set with number of slots to be power of 2, i.e., {1,2,4,8,16,32,64}; Type 2 is periodicities set with number of slots to be multiple of 5, i.e., {5,10,20,40…}. 

According to the agreement in RAN1 #AH1801, the additional periodicities of {4,8,16,32,64} slots and the corresponding slot offsets are introduced to periodic/semi-persistent CSI-RS. Then, the CSI-RS time configuration should be updated as Tab. 1 in appendix A. 

3 Discussion on the alignment of 2 concatenated DL-unknown-UL periodicity

In RAN1 #91 meeting, the following was agreed regarding the 2 concatenated DL-unknown-UL periodicity:

Agreements:

· For the cell-specific RRC configuration of the semi-static DL/UL assignment,
· Also support 2 concatenated DL-unknown-UL periodicity
· Add 1 bit in semi-static DL/UL assignment to indicate if the second periodicity is included

· 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

· When two perodicities are included, the corresponding parameters are independently configured.

· Note: it will be discussed to preclude some combinations (no additional higher-layer impact)

However, the 2 concatenated DL-unknown-UL periodicity may not align to the periodicities set with number of slots to be power of 2, i.e., {1,2,4,8,16,32,64} or the periodicities set with number of slots to be multiple of 5, i.e., {5,10,20,40…}. As shown in Fig. 1, when CSI-RS is configured with “2.5ms+1ms” 2 concatenated DL-unknown-UL periodicity, the 2.5ms periodicity includes 5 slots and 1ms periodicity includes 2 slots (30KHz SCS). If CSI-RS transmits at slot1 and the periodicity is 5 slots, then CSI-RS will transmit at slot6, which is a UL slot. Therefore, the misalignment between CSI-RS and 2 concatenated DL-unknown-UL periodicity should be solved.
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Figure 1 The misalignment between CSI-RS and 2 concatenated DL-unknown-UL periodicity
For the alignment between CSI-RS and 2 concatenated DL-unknown-UL periodicity, the following two cases with different CSI-RS period are separately discussed:

1. Case 1: CSI-RS is to be transmitted in only one of the 2 concatenated DL-unknown-UL periodicity. In this case, the current CSI-RS configuration index i by CSI-RS-timeConfig can be reused to indicate a transmission period TCSI-RS (in slots) and slot offset Toffset. Considering the possible two configurations of 2 DL-unknown-UL periodicities, the following two sub-cases can be categorized:
a) Case1-1: The 2 DL-unknown-UL periodicities belong to the same periodicities set, i.e., the two periods are both in set of values power of 2, or both in set of values as multiple of 5. In this case, Candidate slots and the corresponding radio frame index in which the configured CSI-RS resource may be used for CSI-RS transmission are the slots satisfying
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b) Case1-2: The 2 DL-unknown-UL periodicities belong to different periodicity sets, and assume that N1 is the number of slots in the 1st DL-unknown-UL periodicity and N2 is the number of slots in the 2nd DL-unknown-UL periodicity. As an example shown in Fig.1, the 1st DL-unknown-UL periodicity belongs to the periodicity set with number of slots to be multiple of 5, i.e., {5,10,20,40…}, and the 2nd DL-unknown-UL periodicity belongs to the periodicity set with number of slots to be power of 2, i.e., {1,2,4,8,16,32,64}. In this case, CSI-RS will be transmitted only in the DL-unknown-UL periodicity which is aligned with the CSI-RS periodicity TCSI-RS, which means CSI-RS will be transmitted in the DL-unknown-UL periodicity with the number of slots to be multiple of 5 when TCSI-RS{5,10,20,40..}, and CSI-RS will be transmitted in the DL-unknown-UL periodicity with the number of slots to be power of 2 when TCSI-RS[image: image4.png]


{1,2,4,8,16,32,64}. In this case, Candidate slots index and the corresponding radio frame index in which the configured CSI-RS resource may be used for CSI-RS transmission are the slots satisfying
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, if TCSI-RS is aligned with the 1st DL-unknown-UL periodicity; or[image: image6.wmf](

)

(

)

frame,

slotfs,f

frame,

2slotfs,f121offsetCSI-RS

12

modmod0

Nnn

NNnnNNNTT

NN

mm

mm

æö

êú

+

×+++--=

ç÷

êú

ç÷

+

ëû

èø

, if TCSI-RS is aligned with the 2nd DL-unknown-UL periodicity.
2. Case 2: CSI-RS is to be transmitted in both of the 2 concatenated DL-unknown-UL periodicities. In this case, two CSI-RS configuration indexes i1 and i2 are needed, which are given by higher layer parameter CSI-RS-timeConfig and CSI-RS-timeConfig-2, corresponding to the 2 concatenated DL-unknown-UL periodicities. Candidate slots in which the configured CSI-RS resource may be transmitted are the slots satisfying
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Proposal 1: Support the CSI-RS configuration that matches the frame structure of 2 concatenated DL-unknown-UL periodicity.

Proposal 2: If CSI-RS is to be transmitted in only one of the 2 concatenated DL-unknown-UL periodicity, the current CSI-RS configuration can be reused by with following updated interpretations to identify the slots that applied for transmitting CSI-RS. 

· If the 2 DL-unknown-UL periodicities belong to the same periodicities set, candidate slots in which the configured CSI-RS resource may be used for CSI-RS transmission are the slots satisfying
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· If the 2 DL-unknown-UL periodicities belong to different periodicity sets, and assume that N1 is the number of slots in the 1st DL-unknown-UL periodicity and N2 is the number of slots in the 2nd DL-unknown-UL periodicity. Candidate slots in which the configured CSI-RS resource may be used for CSI-RS transmission are the slots satisfying
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, if TCSI-RS is aligned with the 1st DL-unknown-UL periodicity; or
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, if TCSI-RS is aligned with the 2nd DL-unknown-UL periodicity.
Proposal 3: If CSI-RS is to be transmitted in both the 2 concatenated DL-unknown-UL periodicity, new RRC signaling needs to be added to address the two CSI-RS configurations. In addition, the CSI-RS configurations need to be re-interpretations as follows to identify the slots that applied for transmitting CSI-RS.
· If UE is configured with 2 concatenated DL-unknown-UL periodicity and two CSI-RS configuration indexes i1 and i2 , which are given by higher layer parameter CSI-RS-timeConfig and CSI-RS-timeConfig-2, respectively. Candidate slots in which the configured CSI-RS resource may be transmitted are the slots satisfying
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and
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4 Conclusions
From the above discussion about CSI-RS, we have the following proposals:
Proposal 1: Support the CSI-RS configuration that matches the frame structure of 2 concatenated DL-unknown-UL periodicity.

Proposal 2: If CSI-RS is to be transmitted in only one of the 2 concatenated DL-unknown-UL periodicity, the current CSI-RS configuration can be reused by with following updated interpretations to identify the slots that applied for transmitting CSI-RS. 

· If the 2 DL-unknown-UL periodicities belong to the same periodicities set, candidate slots in which the configured CSI-RS resource may be used for CSI-RS transmission are the slots satisfying
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· If the 2 DL-unknown-UL periodicities belong to different periodicity sets, and assume that N1 is the number of slots in the 1st DL-unknown-UL periodicity and N2 is the number of slots in the 2nd DL-unknown-UL periodicity. Candidate slots in which the configured CSI-RS resource may be used for CSI-RS transmission are the slots satisfying
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, if TCSI-RS is aligned with the 1st DL-unknown-UL periodicity; or
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, if TCSI-RS is aligned with the 2nd DL-unknown-UL periodicity.
Proposal 3: If CSI-RS is to be transmitted in both the 2 concatenated DL-unknown-UL periodicity, new RRC signaling needs to be added to address the two CSI-RS configurations. In addition, the CSI-RS configurations need to be re-interpretations as follows to identify the slots that applied for transmitting CSI-RS.
· If UE is configured with 2 concatenated DL-unknown-UL periodicity and two CSI-RS configuration indexes i1 and i2 , which are given by higher layer parameter CSI-RS-timeConfig and CSI-RS-timeConfig-2, respectively. Candidate slots in which the configured CSI-RS resource may be transmitted are the slots satisfying
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5 Appendix A
Table 1: Slots containing CSI-RS.

	CSI-RS-timeConfig
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	Slot offset
	Periodicity

	0 – 3
	i
	4

	4 – 8
	i-4
	5

	9 – 16
	i-9
	8

	17 – 26 
	i-17
	10

	27 – 42
	i-27
	16

	43 – 62
	i-43
	20

	63 – 94
	i-63
	32

	95 – 134
	i-95
	40

	135 – 198
	i-135
	64

	199 – 278
	i-199
	80

	279 – 438
	i-279
	160

	439 – 758
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	320

	759 – 1398
	i-759
	640
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