
3GPP TSG RAN WG1 NR Ad Hoc #3
                                                                   R1-1715621
Nagoya, Japan, 18th – 21st, September 2017
Source:
vivo
Title:
On multiplexing of different types of RSs
Agenda Item:
6.2.3.1
Document for:
Discussion and Decision
1. Introduction
This contribution is revised from R1-1712840.

In RAN1 90# meeting, the following ware agreed with respect to multiplexing of different types RSs [1]:
Agreements:
· For UE’s perspective,

· For REs that is configured as a CORESET,

· NZP CSI-RS is not multiplexed.

· For REs that is in the same OFDM symbol of configured CORESET but outside of the CORESET, 

· FFS: Whether NZP CSI-RS can be multiplexed or not

Agreements:
· For collision avoidance between short PUCCH and SRS, from a UE perspective, NR supports at least the following two options on a given carrier

· Collision is defined whenever SRS and PUCCH are transmitted in the same symbol, regardless of whether there are overlapped REs or not

· Option 1-1: symbol level TDM

· (Working assumption) Option 2: Prioritize SRS or short PUCCH transmission, i.e., drop SRS or short PUCCH in case of collision

· FFS whether to have one prioritization rule, or configurable prioritization

· Examples of prioritization rules

· Example 1

· Always prioritize PUCCH over SRS

· Example 2

· If PUCCH contains ACK/NACK, prioritize PUCCH

· Otherwise prioritize SRS

· FFS the case of FDM SRS and short PUCCH

According to previous RAN1 meeting agreements, in this contribution, we provide our views on multiplexing of different types of RSs.
2. Discussion
Based on the discussion in previous RAN1 meeting, from the perspective of UE, the following rules for multiplexing of different types of DL RSs/channels can be considered.
· For multiplexing of CSI-RS and other DL RSs/channels,
· For multiplexing of CSI-RS and DMRS, CSI-RS location should be configured to avoid collision with DMRS symbols at least for a slot. If multiplexing between the two types of RS is supported, it is hard to design both frequency patterns for any different port numbers without collision. CSI-RS can be configured right after the front-loaded DMRS. Another issue is that there may not be enough power to satisfy the power boosting of both CSI-RS and DMRS. However, mapping CSI-RS to potential additional DMRS location should be supported if additional DMRS is not transmitted.
· For multiplexing of CSI-RS and PTRS, it was agreed PTRS RE would be punctured when collided with CSI-RS.
· For multiplexing of CSI-RS and TRS, TRS can reuse CSI-RS for fine time and frequency tracking.
· For multiplexing of CSI-RS and SS blocks, CSI-RS can be multiplexed on SS block symbols. This design provides flexibility and simplicity of CSI-RS configuration and transmission without considering whether SS block exists in the slot, so that a unified CSI-RS configuration can be achieved. When CSI-RS happens to be transmitted on the SS block symbols, a solution to avoid the collision is to puncture all the CSI-RS RE in the PRBs occupied by SS blocks or shift the CSI-RS RE components in collision to the symbols after the SS block.
· For multiplexing of CSI-RS and PDCCH, CSI-RS can be multiplexed with PDCCH REs which are outside of the CORESET. First of all, if all potential CSI-RS location is occupied by others, PDCCH will support more potential for CSI-RS transmission. Additionally, CSI-RS can be multiplexed on possible PDCCH region if there is no PDCCH transmission. Besides, CSI-RS multiplexing with PDCCH will take rate match issue. However, PDCCH should reserve some resources for rate matching causing by other issues. Therefore, rate matching cannot obstruct CSI-RS multiplexing with PDCCH.
· For multiplexing of CSI-RS and mini-slot, CSI-RS will be punctured to ensure mini-slot transmission.
· For multiplexing of PDSCH DMRS and other DL RSs/channels,
· For multiplexing of DMRS with PTRS, at least PTRS mapping to the lowest DMRS port index should be supported. Besides, to prevent always collision between PTRS with CSI-RS or TRS, PTRS port can shift within the lowest DMRS port subcarriers within a PRB.

· For multiplexing of DMRS with TRS, as TRS may reuse CSI-RS, same handling methods as CSI-RS can be considered.

· For multiplexing of DMRS with SS blocks symbols, only FDM should be supported. For the remaining symbols without SS blocks in a slot, mini-slot DMRS design can be considered.

· For multiplexing of DMRS and PDCCH, UE is not expected to receive PDCCH and DMRS simultaneously.

· For multiplexing of mini-slot DMRS with mini-slot PDCCH symbols, FDM should be supported to prevent DMRS interference to mini-slot PDCCH. For multiplexing of normal slot DMRS with mini-slot, DMRS will be punctured to ensure mini-slot transmission.

· For multiplexing of PTRS and other DL RSs/channels,
· For multiplexing of PTRS and TRS, similar to CSI-RS.
· For multiplexing of PTRS and SS blocks, similar to DMRS.
· For multiplexing of PTRS and PDCCH, similar to DMRS.
· For multiplexing of PTRS and mini-slot, if collision happened between PTRS and mini-slot, PTRS RE would be punctured.
· For multiplexing of TRS and other DL RSs/channels,
· Since TRS may reuse CSI-RS, for multiplexing of TRS and other RSs/channels, same handling methods as CSI-RS can be considered.
· For multiplexing of SS blocks and other DL RSs/channels,
· UE is not expected to receive SS blocks and PDCCH simultaneously. 
· UE is not expected to receive SS blocks and mini-slot simultaneously.
While the following rules for multiplexing of different types of UL RSs/channels can be considered.
· For multiplexing of SRS and other UL RSs/channels,
· For multiplexing of SRS and DMRS, at least TDM should be supported. However, multiplexing of SRS for beam management and DMRS by FDM may not be available in anytime. In the case of multiplexing of SRS and DMRS by FDM, if transmission power exceeded maximum UE transmission power, SRS would be dropped.

· For multiplexing of SRS and PTRS, if collision happened between PTRS and SRS, PTRS would be punctured.
· For multiplexing of SRS and PUCCH, TDM has been agreed in previous RAN1 meeting. Beam switching and power control problem also should be considered for multiplexing SRS and PUCCH.

· For multiplexing of SRS and PRACH, at least TDM should be supported. As both SRS and PRACH can be used for beam management, only when SRS and PRACH use the same analog beam, then SRS and PRACH can be multiplexed by FDM. In the case of multiplexing of SRS and PRACH by FDM, if transmission power exceeded maximum UE transmission power, SRS would be dropped.
· For multiplexing of PUSCH DMRS and other UL RSs/channels,
· For multiplexing of DMRS and PTRS, similar to DL.

· For multiplexing of DMRS and PUCCH, at least TDM should be supported. Multiplexing DMRS and PUCCH by FDM are supported in LTE system. However, special handling rules should be specified when transmission power exceeded maximum UE transmission power.
· For multiplexing of DMRS and PRACH, both TDM and FDM should be supported. However, special handling methods should be specified for PRACH power ramping.
· For multiplexing of UL PTRS and other UL RSs/channels,
· For multiplexing of PTRS and PUCCH, similar to DMRS.

· For multiplexing of PTRS and PRACH, similar to DMRS.

· For multiplexing of PUCCH and other UL RSs/channels,

· For multiplexing of PUCCH and PRACH, both TDM and FDM should be supported. However, special handling methods should be specified.
Consequently, DL and UL multiplexing of different types of RSs and channels can be summarized in Table 1 and Table 2 separately. 
Table 1: Multiplexing of different types of DL RSs and channels
	RS/Channel
	CSI-RS
	DMRS
	PTRS
	TRS
	SS blocks
	PDCCH
	mini-slot

	CSI-RS
	-
	TDM
	PTRS RE will be punctured
	Reusing
	TDM /FDM
	TDM

/FDM
	CSI-RS will ben punctured

	DMRS
	-
	-
	PTRS will shift in the lowest DMRS port subcarriers
	TDM
	TDM

/FDM
	TDM
	DMRS will be punctured

	PTRS
	-
	-
	-
	PTRS RE will be punctured
	TDM

/FDM
	TDM
	PTRS RE will be punctured

	TRS
	-
	-
	-
	-
	TDM /FDM
	TDM

/FDM
	PTRS will ben punctured

	SS blocks
	-
	-
	-
	-
	-
	TDM
	TDM


Table 2: Multiplexing of different types of UL RSs and channels
	RS/Channel
	SRS
	DMRS
	PTRS
	PUCCH
	PRACH

	SRS
	-
	TDM/FDM
	PTRS RE will be punctured
	TDM/FDM
	TDM/FDM

	DMRS
	-
	-
	PTRS will shift in the lowest DMRS port subcarriers
	TDM/FDM
	TDM/FDM

	PTRS
	-
	-
	-
	TDM/FDM
	TDM/FDM

	PUCCH
	-
	-
	-
	-
	TDM/FDM


3. Conclusion

In this contribution, DL and UL multiplexing of different types of RSs and channels are discussed with the following proposals:
Proposal 1:
· The following Table 1 and Table 2 should be considered for DL and UL multiplexing different types of RSs and channels.

Table 1: Multiplexing of different types of DL RSs and channels

	RS/Channel
	CSI-RS
	DMRS
	PTRS
	TRS
	SS blocks
	PDCCH
	mini-slot

	CSI-RS
	-
	TDM
	PTRS RE will be punctured
	Reusing
	TDM /FDM
	TDM

/FDM
	CSI-RS will ben punctured

	DMRS
	-
	-
	PTRS will shift in the lowest DMRS port subcarriers
	TDM
	TDM

/FDM
	TDM
	DMRS will be punctured

	PTRS
	-
	-
	-
	PTRS RE will be punctured
	TDM

/FDM
	TDM
	PTRS RE will be punctured

	TRS
	-
	-
	-
	-
	TDM /FDM
	TDM

/FDM
	PTRS will ben punctured

	SS blocks
	-
	-
	-
	-
	-
	TDM
	TDM


Table 2: Multiplexing of different types of UL RSs and channels
	RS/Channel
	SRS
	DMRS
	PTRS
	PUCCH
	PRACH

	SRS
	-
	TDM/FDM
	PTRS RE will be punctured
	TDM/FDM
	TDM/FDM

	DMRS
	-
	-
	PTRS will shift in the lowest DMRS port subcarriers
	TDM/FDM
	TDM/FDM

	PTRS
	-
	-
	-
	TDM/FDM
	TDM/FDM

	PUCCH
	-
	-
	-
	-
	TDM/FDM
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