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1 Introduction

[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK11][bookmark: OLE_LINK12]In this contribution, we provide our text proposal for the TRS content revision in 38.214.

2 Issue of TRS bandwidth in 38.214

The text content for TRS in the 38.214 is seen below.

	[bookmark: _Toc501048174]5.1.6.1.1	CSI-RS for tracking
If a UE is configured with the higher layer parameter TRS-INFO set as 'ON', the UE shall assume the antenna port with the same port index of the configured NZP CSI-RS resources in the CSI-RS resource set is same. For frequency range 1, the UE may be configured with a CSI-RS resource set of four periodic CSI-RS resources in two consecutive slots with two CSI-RS resources in each slot, for frequency range 2 the UE may be configured with a CSI-RS resource set of two periodic CSI-RS resources in one slot or with a CSI-RS resource set of four periodic CSI-RS resources in two consecutive slots with two CSI-RS resources in each slot. 

Each CSI-RS resource, defined in Subclause 7.4.1.5 of [4, TS 38.211], is configured by the higher-layer parameter CSI-RS-ResourceMapping with the following restrictions:
-	the time-domain locations of the two CSI-RS resources in a slot is given by one of , , or 
-	a single port CSI-RS resource with density  given by Table 7.4.1.5.2-2
-	the bandwidth of the CSI-RS resource is minimum of 50 or  resource blocks 
-	the periodicity is one of 10, 20, 40, or 80 ms
The UE may also assume that the antenna port associated with the SS/PBCH block given by the CSI-RS for time/frequency tracking burst configuration and the antenna port associated with the CSI-RS for time/frequency tracking burst are quasi co-located with respect to Doppler shift, average delay and if configured, the spatial Rx parameter.




The agreement captured in the chairman notes can be seen below,

	Agreement
Following TRS BWs are supported in NR
min(BWP, ~50RBs)
FFS: BWP
UE is not expected to receive TRS outside the BWP
TRS RB position is configured by gNB

Agreement:
· TRS can be configured as one-port CSI-RS resource(s) with the agreed parameters on St, Sf, N, B, X and Y
· FFS on one or multiple resources
· Note: TRS is also supported in above-6GHz
· FFS on the parameters X, N, St
· FFS: TRS periodicity
· For below 6GHz, TRS periodicity 10ms, 20ms, 40ms and 80ms are supported
· For RAN4 information, 10ms is introduced for high speed train scenario
· Note: It is up to the editor to capture the periodicity in units of slots
· TRS BW can be equal to BW of BWP
· UE is not expected to be simultaneously configured with TRS BW equal to BWP and TRS periodicity of 10ms if the BWP is larger than 50 RBs 
· FFS on CSI-RS measurement restriction functionality can be configured between TRS bursts
· Sf=4
· FFS: Additional Sf values 
· for below 6GHz
· FFS on X=1




Based on the above, the agreement for the bandwidth of TRS can be summarized below,
· TRS bandwidth is min(50 RBs, BWP for data)
· TRS bandwidth can also be equal to the BW of active BWP when the BW of active BWP is greater than 50RBs and also when the TRS periodicity is greater than 10ms

It means, when the BW of active BWP is greater than 50RBs and also the TRS periodicity is greater than 10ms, it allows the TRS bandwidth to be equal to the BW of active BWP.

The proposed changes are,

	If a UE is configured with the higher layer parameter TRS-INFO set as 'ON', the UE shall assume the antenna port with the same port index of the configured NZP CSI-RS resources in the CSI-RS resource set is same. For frequency range 1, the UE may be configured with a CSI-RS resource set of four periodic CSI-RS resources in two consecutive slots with two CSI-RS resources in each slot, for frequency range 2 the UE may be configured with a CSI-RS resource set of two periodic CSI-RS resources in one slot or with a CSI-RS resource set of four periodic CSI-RS resources in two consecutive slots with two CSI-RS resources in each slot. 

The CSI-RS resources in the CSI-RS resource set have the same periodicity, bandwidth and subcarrier location.

Each CSI-RS resource, defined in Subclause 7.4.1.5 of [4, TS 38.211], is configured by the higher-layer parameter CSI-RS-ResourceMapping with the following restrictions:
-	the time-domain locations of the two CSI-RS resources in a slot is given by one of , , or 

-	a single port CSI-RS resource with density  given by Table 7.4.1.5.2-2

-	the bandwidth of the CSI-RS resource is the minimum of 50 or  resource blocks, or is equal to  resource blocks when the bandwidth of active BWP is greater than 50 resource blocks and when the periodicity of the CSI-RS resource is greater than 10ms









3 Issue of TRS time domain symbol location for multi-beam TRS in 38.214

It is agreed that the TRS can be at symbol {4, 8}, {5, 9}, or {6, 10}.

The TRS is treated as group UE-specific RS, which means a group of UEs can share same TRS resource. In below-6GHz, it is likely that only one TRS resource is configured by one CSI-RS resource set under one wide beam transmission in a cell. However, for above-6GHz, the TRS transmitted by one wide beam may not be received by all UEs. Then the TRS with several beams should be transmitted.

To transmit TRS with different beams, the TRS can be allocated at different symbol pairs in a slot, and/or at different slots.

The allowed number of beams for TRS is not specified. It could be equal to the number of beams for SSBs, or up to gNB implementation. When the TRS with different beams by different symbol pairs are transmitted in a slot, it is likely that the PDSCH can’t be FDMed with TRS, due to the association with different beams. As such, the whole slot can be only used to transmit TRS with different beams, and without any PDSCH transmission.

So to leave a room for multi-beam TRS operation, we propose to increase the time domain symbol location at symbol 7 and 11, mainly for above-6GHz. In this way, the TRS beam number in a slot can be 4.

The proposed changes together with the ones for TRS BW are,

	If a UE is configured with the higher layer parameter TRS-INFO set as 'ON', the UE shall assume the antenna port with the same port index of the configured NZP CSI-RS resources in the CSI-RS resource set is same. For frequency range 1, the UE may be configured with a CSI-RS resource set of four periodic CSI-RS resources in two consecutive slots with two CSI-RS resources in each slot, for frequency range 2 the UE may be configured with a CSI-RS resource set of two periodic CSI-RS resources in one slot or with a CSI-RS resource set of four periodic CSI-RS resources in two consecutive slots with two CSI-RS resources in each slot. 

The CSI-RS resources in the CSI-RS resource set have the same periodicity, bandwidth and subcarrier location.

Each CSI-RS resource, defined in Subclause 7.4.1.5 of [4, TS 38.211], is configured by the higher-layer parameter CSI-RS-ResourceMapping with the following restrictions:
-	the time-domain locations of the two CSI-RS resources in a slot is given by one of , , or , and additionally by for frequency range 2

-	a single port CSI-RS resource with density  given by Table 7.4.1.5.2-2

-	the bandwidth of the CSI-RS resource is the minimum of 50 or  resource blocks, or is equal to  resource blocks when the bandwidth of active BWP is greater than 50 resource blocks and when the periodicity of the CSI-RS resource is greater than 10ms




4 Conclusion

[bookmark: _GoBack]Proposal 1, To revise for the TRS BW, the proposed changes are,

	If a UE is configured with the higher layer parameter TRS-INFO set as 'ON', the UE shall assume the antenna port with the same port index of the configured NZP CSI-RS resources in the CSI-RS resource set is same. For frequency range 1, the UE may be configured with a CSI-RS resource set of four periodic CSI-RS resources in two consecutive slots with two CSI-RS resources in each slot, for frequency range 2 the UE may be configured with a CSI-RS resource set of two periodic CSI-RS resources in one slot or with a CSI-RS resource set of four periodic CSI-RS resources in two consecutive slots with two CSI-RS resources in each slot. 
The CSI-RS resources in the CSI-RS resource set have the same periodicity, bandwidth and subcarrier location.
Each CSI-RS resource, defined in Subclause 7.4.1.5 of [4, TS 38.211], is configured by the higher-layer parameter CSI-RS-ResourceMapping with the following restrictions:
-	the time-domain locations of the two CSI-RS resources in a slot is given by one of , , or 
-	a single port CSI-RS resource with density  given by Table 7.4.1.5.2-2
-	the bandwidth of the CSI-RS resource is the minimum of 50 or  resource blocks, or is equal to  resource blocks when the bandwidth of active BWP is greater than 50 resource blocks and when the periodicity of the CSI-RS resource is greater than 10ms




Proposal 2, To further consider multi-beam TRS operation for above 6GHz, the proposed changes are

	If a UE is configured with the higher layer parameter TRS-INFO set as 'ON', the UE shall assume the antenna port with the same port index of the configured NZP CSI-RS resources in the CSI-RS resource set is same. For frequency range 1, the UE may be configured with a CSI-RS resource set of four periodic CSI-RS resources in two consecutive slots with two CSI-RS resources in each slot, for frequency range 2 the UE may be configured with a CSI-RS resource set of two periodic CSI-RS resources in one slot or with a CSI-RS resource set of four periodic CSI-RS resources in two consecutive slots with two CSI-RS resources in each slot. 
The CSI-RS resources in the CSI-RS resource set have the same periodicity, bandwidth and subcarrier location.
Each CSI-RS resource, defined in Subclause 7.4.1.5 of [4, TS 38.211], is configured by the higher-layer parameter CSI-RS-ResourceMapping with the following restrictions:
-	the time-domain locations of the two CSI-RS resources in a slot is given by one of , , or , and additionally by for frequency range 2
-	a single port CSI-RS resource with density  given by Table 7.4.1.5.2-2
-	the bandwidth of the CSI-RS resource is the minimum of 50 or  resource blocks, or is equal to  resource blocks when the bandwidth of active BWP is greater than 50 resource blocks and when the periodicity of the CSI-RS resource is greater than 10ms
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