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Introduction
In TS 38.521-4 [1] several test cases for the HST-DPS scenario are defined, however from the requirements and the TC description several details are defined ambiguously or undefined. In this paper we discuss these open questions to come to common understanding of correct TC implementation in RAN5.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Discussion
According to TS 38.521-4 [1], 4 TCs (FDD; TDD; 2Rx; 4Rx) are defined to cover the HST-DPS scenario, since the parameters that require further clarification are the same in all scenarios, we discuss the open questions based on TC 5.2.2.1.10_1, with the requirements shown below:
Table 5.2.2.1.10.0-2: Test Parameters for Testing
	Parameter
	Unit
	Value

	Duplex mode
	
	FDD

	Active DL BWP index
	
	1

	PDCCH configuration
	TCI state
	
	Note 1

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	2

	
	Length (L)
	
	12

	
	PDSCH aggregation factor
	
	1

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2

	
	Resource allocation type
	
	Type 0

	
	RBG size
	
	Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	
	TCI state
	
	Note 1

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	2

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	CSI-RS for tracking
	Resource set #1
	First OFDM symbol in the PRB used for CSI-RS 
	
	l0 = 5 for CSI-RS resource 1 and 3
l0 = 9 for CSI-RS resource 2 and 4

	
	
	CSI-RS periodicity
	Slots
	10 for CSI-RS resource 1,2,3,4.

	
	
	CSI-RS offset
	Slots
	1 for CSI-RS resource 1 and 2
2 for CSI-RS resource 3 and 4

	
	
	QCL info
	
	TCI state #2

	
	Resource set #2
	First OFDM symbol in the PRB used for CSI-RS 
	
	l0 = 6 for CSI-RS resource 5 and 6
l0 = 10 for CSI-RS resource 7 and 8

	
	
	CSI-RS periodicity
	Slots
	10 for CSI-RS resource 5,6,7,8.

	
	
	CSI-RS offset
	Slots
	1 for CSI-RS resource 5 and 6
2 for CSI-RS resource 7 and 8

	
	
	QCL info
	
	TCI state #3

	NZP CSI-RS for CSI acquisition
	Resource set #3
	First OFDM symbol in the PRB used for CSI-RS 
	
	l0 = 12

	
	
	CSI-RS periodicity
	Slots
	20

	
	
	CSI-RS offset
	Slots
	0

	
	
	QCL info
	
	TCI state #0

	
	Resource set #4
	First OFDM symbol in the PRB used for CSI-RS 
	
	l0 = 13

	
	
	CSI-RS periodicity
	Slots
	20

	
	
	CSI-RS offset
	Slots
	0

	
	
	QCL info
	
	TCI state #1

	TCI state #0
	Type 1 QCL information 
	CSI-RS resource
	
	CSI-RS resource 1 from 'CSI-RS for tracking Resource set #1' configuration

	
	
	QCL Type
	
	Type A

	
	Type 2 QCL information
	CSI-RS resource
	
	N/A

	
	
	QCL Type
	
	N/A

	TCI state #1
	Type 1 QCL information 
	CSI-RS resource
	
	CSI-RS resource 5 from 'CSI-RS for tracking Resource set #2' configuration

	
	
	QCL Type
	
	Type A

	
	Type 2 QCL information
	CSI-RS resource
	
	N/A

	
	
	QCL Type
	
	N/A

	TCI state #2
	Type 1 QCL information 
	SSB index
	
	SSB #0

	
	
	QCL Type
	
	Type C

	
	Type 2 QCL information
	SSB index
	
	N/A

	
	
	QCL Type
	
	N/A

	TCI state #3
	Type 1 QCL information 
	SSB index
	
	SSB #1

	
	
	QCL Type
	
	Type C

	
	Type 2 QCL information
	SSB index
	
	N/A

	
	
	QCL Type
	
	N/A

	Number of HARQ Processes
	
	4

	The number of slots between PDSCH and corresponding HARQ-ACK information
	
	2

	Note 1: SSB # (k mod 2) , CSI-RS (for tracking) resource set # ((k mod 2) + 1) and CSI-RS (for CSI acquisition) resource set # ((k mod 2) + 3) are transmitted by kth RRH.
For Test 1-1, TCI state switching command scheduled by MAC CE with MCS 4 is transmitted in slot #i that satisfy. PDCCH and PDSCH associated with TCI # (k mod 2) is transmitted by kth RRH from slot#

to slot#
,
PDCCH and PDSCH are DTXed in other slots in which throughput statistics are not considered.
For Test 1-2, TCI state switching command scheduled by MAC CE with MCS 4 is transmitted in slot #i that satisfy. PDCCH and PDSCH associated with TCI # (k mod 2) is transmitted by kth RRH from slot#

to slot#

Where k=0, 1, 2… is the RRH number, n = 2520 is half of the number of slots between two RRH,  = 2 is the number of slots between PDSCH and corresponding HARQ-ACK information,   = 3 is the number of slots for MAC CE processing,  = 6 is the number of slots to first TRS transmission occasion after MAC CE command is decoded by the UE,  = 2 is the number of slots for TRS processing.



Table 5.2.2.1.10.0-3: Minimum performance for HST-DPS
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Number of active PDSCH TCI states
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1-1
	R.PDSCH.1-8.4 FDD
	10 / 15
	64QAM, 0.43
	HST-DPS
	1
	2x2
	70
	13.4

	1-2
	R.PDSCH.1-8.4 FDD
	10 / 15
	64QAM, 0.43
	 HST-DPS
	2
	2x2
	70
	13.4



As can be seen from the tables, the TC requires to configure 4 TCI, however in during the TC run only 1 (for Test 1-1) or 2 (for Test 1-2) states are active at a given time. From this description several questions arise, which are not clear from the current state of the specification.
Issue 1 (Signal transmission by TE):
From the tables above it is not clear which signals are transmitted by the TE at a given time. The requirement table defined several sets of CSI resources for tracking and acquisition, who each are associated with different TCI states and different SSBs (#0 and #1). Note 1 explains when to switch to a certain TCI state, but it is not clear from the description what this means for the signals transmitted by the TE. So there are different interpretations possible.
Case 1: TE transmits all signals all time. PDCCH, PDSCH, SSB #0, SSB #1 and CSI resource sets (#1, #2, #3, #4) are transmitted continuously. Only the TCI state which the PDCCH and PDSCH are associated is switched according to Note 1.
Case 2: SSB and CSI resource sets are only transmitted by the TE when the corresponding  TCI state is active. PDSCH and PDCCH are transmitted continuously. E.g. during the time when the UE is connected to RRH#0 only SSB#0 and CSI resource set #1 and #3 are configured. This is switched when swapping to the next RRH.
Question 1: Which is the correct understanding? Case 1 or Case 2?
Proposal 1: RAN5 agrees on Case 1 as the correct understanding.


Issue 2 (TCI State switching):
As described in Note 1 of the tables above, the TCI states in the tests shall be switched using MAC CE command, but from the current state of the specification it is not clear how to achieve this. 
According to MAC specification TS 38.321 [2] chapter 6.1.3.14 the active TCI states shall be mapped to the codepoint of “Transmission Configuration Indication” field in DCI 1-1, meaning that the active TCI states are indicated in the transmitted DCI.
This however requires that the “tci-PresentInDCI” is enabled as stated in TS 38.214 [3], otherwise the information in the DCI is ignored. According to current versions of TS 38.508-1 [4] and TS 38.521-4 [5] however this field is set to “not present” as defined in table 4.6.3-28 of TS 38.508-1.
So a message exception would be needed to enable the IE and thus allow the switching of TCI states, i.e.
	Derivation Path: TS 38.508-1 [6], Table 4.6.3-28

	Information Element
	Value/remark
	Comment
	Condition

	ControlResourceSet ::= SEQUENCE {
	
	
	

	  tci-PresentInDCI
	enabled
	
	

	}
	
	
	



Proposal 2: RAN5 confirms the correct understanding of the needed changes.
Issue 3 (Active TCI states):
In Note 1 of the minimum requirements tables, the calculation is given for when to switch to which TCI state. This results in the following correlation between RRH, TCI State and CSI resources for both test steps.
Table 1 Mapping table for test 1-1 (derived from Note 1 in Minimum requirements)
	RRH#
	PDSCH/PDCCH
TCI State
	SSB#
	Tracking CSI-RS resource set
	Acquisition CSI-RS resource set

	0
	0 or 2?
	0
	1
	3

	1
	1 or 3?
	1
	2
	4

	2
	0 or 2?
	0
	1
	3

	3
	1 or 3?
	1
	2
	4

	4
	0 or 2?
	0
	1
	3

	5
	1 or 3?
	1
	2
	4

	6
	0 or 2?
	0
	1
	3

	7
	1 or 3?
	1
	2
	4

	8
	0 or 2?
	0
	1
	3

	9
	1 or 3?
	1
	2
	4

	10
	0 or 2?
	0
	1
	3

	11
	1 or 3?
	1
	2
	4

	…
	…
	…
	…
	…


Since for test step 1-1 there is only one active TCI, one possibility is that when UE is connected to RRH#0 the PDSCH is associated with TCI state 0, and when switching to the next RRH, the active TCI state is switched to state 1 and then the PDSCH is associated with this TCI state. Another possibility is that the PDSCH/PDCCH is associated to TCI state 2 in case of RRH#0 and to TCI state 3 in case of RRH#1.
For the test step 1-2 two active PDSCH TCI states are required but it is not clear which two TCI states shall be associated with the PDSCH. Note 1 in table 5.2.2.1.10.0-2 only clarifies the switching time between test step 1-1 and 1-2 but not between the TCI states. This opens the question which is the second active TCI state in this test step (compared to test step 1-1). 
Moreover, question arises how to interpret two active TCI states at all? According to TS 38.321 cl. 5.18.4/5 there can be only one active TCI state (indicated by DCI) at a time, which contradicts the requirements from table 5.2.2.1.10.0-3. It is possible to configure more than one TCI state in MAC CE, but DCI will always activate a single TCI state out of the list inside MAC CE.
As TCI #2 is associated with SSB#0 and TCI#3 is associated with SSB#1 it would make sense to activate TCI #2 whenever the UE is connected to a RRH which transmits SSB#0 and in the same way for TCI #3 and SSB#1. This would lead to a mapping as shown below.
Table 2 Potential mapping table for test 1-2
	RRH#
	PDSCH/PDCCH
TCI State
	SSB#
	Tracking CSI-RS resource set
	Acquisition CSI-RS resource set

	0
	0, 2
	0
	1
	3

	1
	1, 3
	1
	2
	4

	2
	0, 2
	0
	1
	3

	3
	1, 3
	1
	2
	4

	4
	0, 2
	0
	1
	3

	5
	1, 3
	1
	2
	4

	6
	0, 2
	0
	1
	3

	7
	1, 3
	1
	2
	4

	8
	0, 2
	0
	1
	3

	9
	1, 3
	1
	2
	4

	10
	0, 2
	0
	1
	3

	11
	1, 3
	1
	2
	4

	…
	…
	…
	…
	…


However this is not clearly stated in the specification and left somewhat open to interpretation of the specification reader. Thus RAN5 should clarify which the active PDSCH/PDCCH TCI states are for both tests 1-1 and 1-2. Especially for test 1-2 it should be clarified how to achieve two active PDSCH TCI states as DL DCI will always point to a single state.
Question 2: RAN5 to clarify the active PDSCH/PDCCH TCI states for tests 1-1 and 1-2 and how to interpret two active states (MAC CE vs. DL DCI). Moreover, RAN5 should clarify if PDSCH is quasi-colocated to SSB or CSI-RS related TCI states for test 1-1.
Proposals
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]In this paper we discuss the state of the HST DPS test cases in 38.521-4 and try to clarify the open issues.
Question 1: Which is the correct understanding? Case 1 or Case 2?
Proposal 1: RAN5 agrees on Case 1 as the correct understanding.
Proposal 2: RAN5 confirms the correct understanding of the needed changes.
Question 2: RAN5 to clarify the active PDSCH/PDCCH TCI states for tests 1-1 and 1-2 and how to interpret two active states (MAC CE vs. DL DCI). Moreover, RAN5 should clarify if PDSCH is quasi-colocated to SSB or CSI-RS related TCI states for test 1-1.
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