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Introduction
In RAN1 #AH2 [1], the following agreements regarding the demodulation reference signal (DMRS) for data was made:

Agreements:
· In NR, for a given BWP, support the case where CSI-RS for CSI acquisition and beam management is always transmitted with the same numerology as the PDSCH of the UE if PDSCH is present
· FFS the case when PDSCH is not present
Agreements:
· Down-select among the following two options in the next meeting
· Option 1-1: From a UE perspective, CSI-RS is not multiplexed on SS block OFDM symbol(s)
· Option 1-2: From a UE perspective, CSI-RS can be multiplexed on SS block symbol(s)
Agreements:
· Down-select among the following two options in the next meeting:
· Option 2-1: From a UE perspective, CSI-RS is not multiplexed on PDCCH OFDM symbol(s) for a slot 
· Option 2-2: From a UE perspective, CSI-RS can be multiplexed on PDCCH OFDM symbol(s) for a slot 
· Note: PDCCH decoding behavior at UE side will not be changed by Option 2-2.
· Note: up to each company to define PDCCH OFDM symbols based on the max possible number of symbols or the configured PDCCH OFDM symbols for the slot
Agreements:
· Study further how to handle PT-RS collision with CSI-RS
Discussion
At least the following RSs are supported for NR downlink:
-	CSI-RS: Reference signal with main functionalities of CSI acquisition, beam management
-	DM-RS: Reference signal with main functionalities of data and control demodulation
-	Reference signal for phase tracking (aka PTRS)
-	Reference signal for time/freq. tracking (aka TRS)
-	Reference signal for Radio link monitoring (aka RLM)
-	RS for RRM measurement

The following RSs are at least supported for NR uplink:
-	SRS: Reference signal with main functionalities of CSI acquisition, beam management
-	DM-RS: Reference signal with main functionalities of data and control demodulation
-	Reference signal for phase tracking (aka PTRS)

Note that it is still being discussed to reuse the framework of one of the reference signals, e.g., the CSI-RS framework, and enable it to perform additional functionalities, e.g., time/freq. tracking or radio link monitoring. Due to the large number of different RSs, especially for the DL, special considerations and discussions are needed to ensure their effective coexistence and multiplexing. 
On multiplexing of DL RSs
CSI-RS and DM-RS multiplexing
A CSI-RS resource may span N=1, N=2, or N=4 OFDM symbols. In the previous meeting it was agreed that at least for CSI acquisition, when N=2, these are consecutives. For N=4 it is still FFS whether these are consecutives are there can be non-consecutive in the time domain. When it comes the issue of multiplexing of DM-RS and CSIRS, at least the following considerations need to be taken into account. 
Based on the agreement on DM-RS in RAN1#AH2, two configurations were agreed for the front-load DM-RS: one that uses an IFDMA structure, and one that uses a 2-FD-OCC structure. In both cases, a complete OFDM symbol to be configured (12 REs/symbol), in which case FDMing DM-RS with CSIRS is not possible, and TDMing of RSs is the most appropriate solution. Actually, one may argue that, depending on the number of transmitter ports, it is likely that some subcarriers may remain unused, which could then be used for CSI-RS. However, we think that this is a corner case of relatively low interest and an attempt to over-optimize the design will only complicate the implementation without clear gains at this stage. What is more, in DM-RS configuration 1, we propose a UE to be assigned the subsets of ports that are non-CDMed in frequency, which means that for a rank 4 SU-MIMO transmission or MU-MIMO to two users with rank 2 layers for each, all the resource elements will be used. Therefore, it is likely that scenarios with unused subcarriers in the OFDM symbol carrying DM-RS are rather limited. Furthermore, in mmWave scenarios, the analog beam of DM-RS and CSI-RS may be different, in which case FDMing should be avoided. Based on these considerations we propose the following:

Proposal 1: NR supports only TDMing of DM-RS and CSI-RS.  
 CSI-RS in early part of the slot
In order to TDM DM-RS and CSI-RS, the following need to be considered. The location of CSI-RS may have significant impact on the CSI processing timeline.  On one hand, CSI-RS in early part of a time interval allows more time for CSI measurement.  This is critical to support fast CSI reporting, especially for below 6GHz.  On the other hand, it puts a more stringent latency requirement for control decoding, so that the UE can be aware of the existence of a CSI-RS transmission in forthcoming symbols with minimum buffering. Based on this, CSI-RS needs to be able to be transmitted in an early part of the slot to enable fast CSI reporting.
Proposal 2: NR support a limited set of early CSI-RS locations up to the 5th OFDM symbol in a 14-symbol slot at least for below 6GHz to enable self-contained CQI feedback. 
Note that when N = 4, CSI-RS can be obtained no early than symbol 6 or 7.  There’re only 6 or 5 OFDM symbols before the last UL symbol even without timing advance.  It would be difficult to support CSI feedback in the same slot due to the limited CSI processing time.  For UL-centric slots, CSI-RS resources for acquisition, could be transmitted in symbol 1 if only 1 OFDM symbol is needed for DL control, as shown in Figure 3, i.e.,  when CORESETs have not be configured in the 2nd symbol. 
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Figure 2:  Front-loaded CSI-RS resource for CSI acquisition in a UL centric slot.
Such front-loaded CSI-RS can leave more time for CSI computation which may allow CQI only feedback in the same slot during the short UL burst. 
Proposal 3: At least for below 6GHz, network can configure CSI-RS for CSI acquisition to be transmitted on OFDM symbols which do not have configured CORESETs from UE perspective.




Note that a careful consideration may be needed for CSI-RS for beam management, since multiplexing CSI-RS on to PDCCH might lead to conflicts for the appropriate UE-beam. 
CSI-RS in late part of the slot
In scenarios that fast CSI reporting is not needed, then it is not necessary to have CSI-RS in the early part of the slot, especially because it may put a stringent latency requirement for control decoding, since the UE need to be aware of the existence of a CSI-RS transmission in forthcoming symbols with as small buffering as possible.  This is needed not only for aperiodic CSI-RS, but also for periodic and semi-persistent CSI-RS.  For example, a UE may be expecting a periodic CSI-RS in the DL duration of slot according to the configured timing, but the CSI-RS transmission is dropped as the DL duration because it may be replaced by an UL duration due to dynamic TDD.
Furthermore, for higher frequencies, the CSI-RS ports being used will determine which RX beams the UE may need to measure on.  Considering the shorter slot duration compared to sub6GHz, putting CSI-RS symbols in the early part of a slot can be problematic as more processing time for PDCCH may be needed to decode the indication of CSI presence.  So, for above 6GHz, the end-loaded CSI-RS is preferred.  But in this case, self-contained CSI feedback won’t be supported.
Proposal 4: At least for above 6GHz, NR supports CSI-RS located at the late part of a slot.
In the DM-RS contributions [1], [2] we propose to transmit DM-RS one symbol before the end of the DL part of the DL-centric slot. As it was shown in [2], transmitting DM-RS in the last symbol of the burst does not provide gains in high speed scenarios, whereas, adding DM-RS two symbol before the end of the slot increases significantly the extrapolation of the channel estimation. Therefore, when DM-RS is transmitted in the late part of the DL portion of a slot to handle high speed scenarios, we propose to use the last OFDM symbol for CSI-RS and the symbol before that for DM-RS as shown in the next Figure.
If CSI-RS is multiplexed on an SS-block, the transmit power of the SS-block symbol is reduced and therefore either cell coverage shrinks or during initial access the UE has to make up the RSRP loss by incoherent combining over several SS blocks, which increases both, access latency and UE power consumption. 
Proposal 5: At least for above 6 GHz, NR does not support the option of multiplexing CSI-RS on SS block OFDM symbols.
TRS and CSI-RS multiplexing
In the accompanying contribution [3] we describe our proposal on the time and frequency-domain density of a TRS port. In short, through extensive simulations we identify our preferred density to have a density of ¼ in frequency and 2 looks in 0.5 msec, with a time distance of 6 or 7 symbols between the two looks of TRS, using a comb-4 pattern. One example of such a TRS option that TDMs with DM-RS is shown in the next Figure assuming a 30 KHz SCS slot with 11 symbols DL-burst.


Note that if CSI-RS is transmitted in the same symbol as the TRS symbol, then NR could potentially allow FDM-ing those two RSs, if it is possible. Further studies are needed to ensure if this is the most appropriate case.
Proposal 6: Depending on the agreed pattern for TRS, NR considers supporting both TDMing and FDMing TRS and CSIRS resources.
PT-RS and CSI-RS multiplexing
To handle PT-RS and CSI-RS collision four approaches have been proposed: PT-RS shift, CSI-RS shift, PT-RS puncture and CSI-RS puncture. We propose NR to support only PT-RS puncture and CSI-RS puncture for the following scenarios:
· On OFDM symbols where PDSCH and CSIRS are not FDMed, PT-RS puncturing comes with no cost at all since there are no data in that symbol and there is no need to have PTRS transmitted to help with the demodulation.
· On OFDM symbol where PDSCH and CSIRS are FDMed, if collision of PT-RS and CSIRS is unavoidable by reconfiguring either one, we consider CSI-RS or PT-RS shifting to be worse options compared to CSI-RS puncturing. CSI-RS shifting should not be supported because CSI-RS is supposed to be uniformly spaced so that the receiver performs FFT-based CE. Moving a CSI-RS resource element would result to non-uniform patterns. Also, CSIRS may be intended for many users, and shifting it might not even be possible, because even trying to shift it would result to the collision of PT-RS of another user with the CSI-RS Lastly, It also increases the CSI-RS patterns that need to be supported even further, which in turn increases the UE implementation complexity. Furthermore, PTRS tones arbitrarily in a RB, thanks to the agreement that PTRS follows the DMRS tone of the same port. Also, signaling to indicate the shifted PTRS tone appears to be costl

Proposal 7: PT-RS puncturing is supported when PDSCH and CSIRS are not FDM. CSI-RS puncturing is supported when PDSCH and CSI-RS are FDMed.
On multiplexing of UL RSs
On SRS multiplexing
SRS on short UL burst
A sounding resource shall comprise at least one symbol in a slot.  In order to enable low latency services, the SRS symbol in the common uplink burst in a TDD system shall be before the symbol that carries ACK/NAK to give maximum time for the UE to report ACK/NAK. 
In a slot with only one symbol uplink duration, the limited uplink resources will have to be used for both uplink control and SRS.  An efficient channelization and multiplexing would be needed.  For example, if wideband SRS sounding is needed and only one symbol of uplink duration is configured, the short uplink duration can be split into two half symbols by transmitting with double the SCS.  The first half symbol can be reserved for SRS transmission, while the second half symbol can be used for common uplink control channel, e.g., to send HARQ acknowledgements, uplink scheduling request, etc.
[image: ]
Proposal 8: NR supports SRS transmission in the short uplink burst which is transmitted earlier than uplink ACK
SRS on long UL burst
In a slot with a long uplink duration, there are more uplink resources than the long UL burst.  Similar to the uplink duration in a downlink-centric slot, the last uplink symbol in an uplink-centric slot can be reserved for both SRS and common up link control channel.  The other uplink symbols can be used for PUSCH/PUCCH transmission and for SRS as well.  Multiple symbols could carry SRS to improve channel estimation for the cell edge user, allow for a quick warm-up of the channel estimation filters at the base stations, or to allow orthogonal multiplexing of larger number of SRS ports. In this case, an SRS resource is configured at least with, a hopping pattern, a number of OFDM symbols, and a common sounding bandwidth for each OFDM symbol. 

When it comes to UL DM-RS and SRS on the long UL burst, the baseline multiplexing should be TDMing between the SRS of a user and its UL DM-RS, as it was also the case in the DL between the DM-RS and the CSI-RS. Note that for UL, FDM-ing SRS and UL DM-RS in non-contiguous allocations, i.e., simultaneous multiple partial-bands transmission that are not contiguous in frequency, needs to be thoroughly studied before supported in NR. We need to consider several aspects related to such SRS transmission and understand its implications, e.g., if the analog beams are different for SRS and DM-RS, then such a multiplexing should be avoided; the RF masks of a symbol carrying DM-RS may be different than a symbol carrying SRS; power control of SRS and DM-RS may be different; precoding of SRS may be different than precoding of UL DM-RS which may increase UE’s complexity, etc. 
Proposal 9: From UE perspective SRS is only TDMed with other UL channels. That is, from UE perspective, NR does not support FDMing of SRS with short PUCCH, UL DMRS, long PUCCH, UL PDSCH, PTRS. 

Proposal 10: In the UL long burst, NR supports transmitting SRS in the following locations:
· before the transmission of  the front-load UL DMRS of the PUSCH,
· At the end of the UL long burst.

Proposal 11: An SRS resource for beam management may only be transmitted at the end of the UL long burst.  
Conclusions 
To summarize, we propose:
Proposal 1: NR supports only TDMing of DM-RS and CSI-RS.  

Proposal 2: NR support a limited set of early CSI-RS locations up to the 6th OFDM symbol in a 14-symbol slot at least for below 6GHz to enable self-contained CQI feedback.

Proposal 3: At least for below 6GHz, network can configure CSI-RS for CSI acquisition to be transmitted on OFDM symbols which do not have configured CORESETs from UE perspective.
 Proposal 4: At least for above 6GHz, NR supports CSI-RS located at the late part of a slot.
Proposal 5: At least for above 6 GHz, NR does not support the option of multiplexing CSI-RS on SS block OFDM symbols.
Proposal 6: Depending on the agreed pattern for TRS, NR considers supporting both TDMing and FDMing TRS and CSIRS resources.
Proposal 7: PT-RS puncturing is supported when PDSCH and CSIRS are not FDM. CSI-RS puncturing is supported when PDSCH and CSI-RS are FDMed.
Proposal 8: NR supports SRS transmission in the short uplink burst which is transmitted earlier than uplink ACK

Proposal 9: From UE perspective SRS is only TDMed with other UL channels. That is, from UE perspective, NR does not support FDMing of SRS with short PUCCH, UL DMRS, long PUCCH, UL PDSCH, PTRS. 

Proposal 10: In the UL long burst, NR supports transmitting SRS in the following locations:
· before the transmission of  the front-load UL DMRS of the PUSCH,
· At the end of the UL long burst.

[bookmark: _GoBack]Proposal 11: An SRS resource for beam management may only be transmitted at the end of the UL long burst.  
References
[1] RAN1-AH2 Chairman’s notes


4/5
image1.png
f

23 456 7 8 910N 1213

O00O0

DL control

UL duration

DL DMRS

CSI-RS




image2.emf
0 2 4 6 8 10 12 1 3 5 7 9 11 13

TRS

control DMRS

0.5 msec


oleObject1.bin
Text


Select oval and
type. Control handles change width & height of oval.


0.5 msec


0


2


4


6


8


10


12


1


3


5


7


9


11


13


TRS


control


DMRS



image3.emf
UL duration

UL 

duration

DL-centric slot

DL duration

Half 

symb.

SRS

DL 

duration

UL-centric slot

SRS

(a) Slot with short uplink duration  (b) Slot with long uplink duration 

ACK/

SR

ACK/

SR


