
Page 4
Draft prETS 300 ???: Month YYYY

3GPP TSG-RAN WG1 #90	R1-1714306
Prague, Czech Republic, 21st – 25th August, 2017

Source:	Ericsson
Title:	On multiplexing of RS types for downlink
Agenda Item:	6.1.2.3.1
Document for:	Discussion and Decision
[bookmark: _Toc485404341][bookmark: _Toc485404411][bookmark: _Toc485407916][bookmark: _Toc490132686][bookmark: _Toc490212598][bookmark: _Toc490212634][bookmark: _Toc490244827]Introduction
This is related to the agreement from (RAN1#89):
Support non-overlapping between PTRS and CSI-RS
•       FFS whether PTRS or CSI-RS should be punctured or shifted on overlapping part if PTRS and CSI-RS are collided 

In this contribution, we discuss multiplexing of reference signals for downlink.
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For simplicity of exposition in the following, by FDM we mean FDM within a PRB.
[bookmark: _Toc490212601]DMRS and PTRS are required for demodulating data. Reducing density of DMRS, or puncturing to make room for another RS will lead to reduced spectral efficiency of the associated data transmission, provided DMRS density is already matched to the scenario.
[bookmark: _Toc485367949][bookmark: _Toc485368002][bookmark: _Toc490132689][bookmark: _Toc490244830]DMRS should have precedence over all other RS.
[bookmark: _Toc485367950][bookmark: _Toc485368003][bookmark: _Toc490132690][bookmark: _Toc490244831]DMRS and PTRS are TDM. PTRS can be FDM with any other RS that is also FDM with data, such as CSI-RS.
In order to support FDM between CSI-RS and PTRS we propose to make CSI-RS flexible enough to avoid subcarriers where PTRS may be mapped (that we propose are determined by DMRS configuration [3]). See more details in [4] .
Analog and hybrid beamforming will pose restrictions on how many concurrent beams are used. DMRS and data use the same precoder – hence a restriction in the number of concurrent beams is not limiting FDM between DMRS and data. However, FDM between CSI-RS and DMRS may be limited by this restriction. Hence if DMRS is not occupying all RE within symbols that carry DMRS, those RE are better used for data, compared to CSI-RS, and CSI-RS should be mapped to other OFDM symbols. In addition, the DMRS footprint will be dynamically varying (depending on, e.g., instantaneous rank of data transmission), this make FDM with CSI-RS (which typically is configured semi-statically) potentially problematic. 
Also, if symbols with DMRS have a partial overlap with symbols mapped to CSI-RS, a CSI-RS design including time domain OCC will need to blank all subcarriers mapped to DMRS across all symbols. Noting that the discussed CSI-RS designs include time domain OCC, and that the DMRS pattern may be quite dense, we propose:
[bookmark: _Toc490132691][bookmark: _Toc490244832]The UE is not expected to be configured with NZP-CSI-RS in OFDM symbols for which it is configured to receive DMRS
There are many different scenarios for multiplexing of RS in a slot, and also different number of DL symbols in a slot. Assume, as an example, a situation with 3 symbol PDCCH, 4 symbol DMRS, 4 symbol CSI-RS and 3 symbol TRS. Given the arguments above, a flexible system design would probably require FDM of TRS and CSI-RS. Given that both signals typically are wideband signals and that puncturing would impair channel estimation performance we propose:
[bookmark: _Toc485367952][bookmark: _Toc485368005][bookmark: _Toc490132692][bookmark: _Toc490244833]Design CSI-RS to allow for FDM with TRS in a PRB.
It has previously been agreed that the SS block occupies a set of 12 consecutive PRBs in frequency and four consecutive symbols. If CSI-RS would be punctured to make room for the SS-block, CSI-reporting accuracy may be degraded which would affect performance in subsequent transmissions. 
[bookmark: _Toc490132693][bookmark: _Toc490244834]Assume TDM for CSI-RS and SS block.
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Figure 1 shows a scenario with three symbols used for PDCCH, one DMRS, and the two possible SS block configurations. 
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[bookmark: _Ref490059444]Figure 1	Example of 14 symbol slot including SS block, and two-symbol DMRS
For the additional DMRS we propose using symbols with index 9 and 10 for the case of two additional DMRS symbols as further motivated in [2].  In [1] we propose TRS to occupy a subset of symbols with index 5,8, and 13. A scenario with three symbol PDCCH, two front loaded, and two additional DMRS and TRS is illustrated in Figure 2 (according to Ericsson proposals for DMRS and TRS). 
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[bookmark: _Ref490132621]Figure 2	Placement of DMRS and TRS symbols in 14 symbol slot as proposed in [2]and [1]
[bookmark: _GoBack]This makes it possible to have four adjacent symbols carrying CSI-RS on symbols with index (5,6,7,8) without FDM with DMRS. Having adjacent CSI-RS symbols is beneficial for channel estimation performance as discussed further in [4]. For the N=2 symbol CSI-RS we propose using symbols with index (6,7). This has the advantage of not overlapping with any of the SS block placements while also being a subset of the symbols proposed for four symbol CSI-RS. For single symbol CSI-RS we propose using symbol with index 6. We propose to place CSI-RS in these symbols irrespective of the size of the PDCCH region and the DMRS configuration. In order to support CSI-RS in uplink heavy subframes with no PDSCH we propose studying mapping CSI-RS to symbols with index 3,4,5,6 in slots with no PDSCH. We furthermore propose a pairwise adjacent four symbol CSI-RS design in symbols with index 6,7,11,12. Figure 3 illustrates the proposed CSI-RS placements.
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[bookmark: _Ref490216853]Figure 3	Proposed alternatives for CSI-RS symbol allocations
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In this contribution we made the following observation:

Observation 1	DMRS and PTRS are required for demodulating data. Reducing density of DMRS, or puncturing to make room for another RS will lead to reduced spectral efficiency of the associated data transmission, provided DMRS density is already matched to the scenario.

Based on the discussion in this contribution we propose the following:
Proposal 1	DMRS should have precedence over all other RS.
Proposal 2	DMRS and PTRS are TDM. PTRS can be FDM with any other RS that is also FDM with data, such as CSI-RS.
Proposal 3	The UE is not expected to be configured with NZP-CSI-RS in OFDM symbols for which it is configured to receive DMRS
Proposal 4	Design CSI-RS to allow for FDM with TRS in a PRB.
Proposal 5	Assume TDM for CSI-RS and SS block.
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