3GPP TSG RAN WG1 Meeting #92bis                                                                                          R1-1804278
Sanya, China, April 16th - 20th, 2018

Agenda Item:
7.1.2.1.2
Source:
Huawei, HiSilicon

Title:
Summary of remaining issues for codebook based transmission for UL MIMO
Document for:
Discussion and decision
1 Introduction
In last meeting, some issues in codebook based transmission have been addressed, however, there are still some open issues need to be further discussed. In this contribution, we will present our views on remaining issues for UL codebook based MIMO aiming to finish Rel-15 specification.
2 Clarify the antenna port definition for UL MIMO in 38.211
Agreement
· gNB should configure at least 1 SRS resource when ULTXconfig is codebook based UL transmission. No restriction on gNB’s configuration of SRS for UL scheduling by DCI format 0_0.
· If and when the SRS is triggered is up to gNB implementation
Agreement:

· The minimum SRS resource for non-codebook based transmission is one for DCI format 0_1.
Agreement

· Add the following text for TS38.214 section 6.1.1.2

· The UE shall perform one-to-one mapping from the indicated SRI(s) to the indicated DMRS ports(s) in the DCI format 0_1 increasing order.

Precoding operation for PUSCH and its associated DMRS has been defined in current 38.211. However, the definition of antenna ports 
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 regarding to the precoding operation of PUSCH and DMRS is missing in the spec which leads to ambiguity for the practical implementation. Therefore, we think it is critical to clarify the antenna ports 
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 are the SRS ports of SRS resource indicated by gNB... Given this, we have the following text proposal for TS 38.211:
----Text Proposal for TS38.211------------------------------------------------------------------------------------------
6.3.1.5
Precoding

The block of vectors 
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 shall be precoded according to
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where 
[image: image6.wmf]1

,...,

1

,

0

ap

symb

-

=

M

i

, 
[image: image7.wmf]layer

symb

ap

symb

M

M

=

. For codebook based transmission, the set of antenna ports 
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 are one-to-one mapped to the SRS ports in the selected SRS resource by the SRI with an increasing order when multiple SRS resources are configured, or the SRS ports in the configured SRS resource with an increasing order if only one SRS resource is configured. For non-codebook based transmission, the set of antenna ports 
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 are one-to-one mapped to the SRS ports in the SRS resource indicated via SRI (s) with an increasing order.
< Unchanged parts are omitted >
----Text Proposal ends----------------------------------------------------------------------------------------------------

3 Discussion on one port transmission for PUSCH  
Agreement
· If ulTxConfig is not configured, the default transmission is 1 PUSCH port based

· The PUSCH is triggered by DCI format 0_0

· Note: there is no TPMI, no SRI indication in format 0_0
· Note: this does not imply new uplink transmission scheme shall be defined
Agreement
· DCI format 0_1 and 1_1 are monitored only in USS. 

· DCI format 0_0 and 1_0 are monitored in CSS. 

· DCI format 0_0 and 1_0 can be monitored in USS. 

· One of the following is configured by RRC signalling for the USS: 

· Monitoring DCI format 0_1 and 1_1 only 

· Monitoring DCI format 0_0 and 1_0 only 

In last meeting, one port based UL transmission triggered by DCI format 0_0 has been agreed for RRC-connected UE. However, the antenna port for this transmission scheme has not been discussed and specified which leads to one port based transmission procedure incomplete. To be specific, for a UE with 1T2R or 1T4R, since UE has multiple available antenna ports and one antenna port among multiple ones must be determined for the UL transmission. It is known that the channel quality for different antenna ports varies significantly and UL transmission performance can dramatically be improved if the optional antenna port can be selected. Regarding this, two alternatives can be considered for the port selection 
· Alt1:Open loop based port selection

· Alt2:Closed loop based port selection
For Alt1, it is up to UE to select one antenna port among multiple candidate ones through implementation algorithm ,e.g., through the measurement on downlink signal. However, this alternative has several disadvantages. Firstly, when channel reciprocity does not hold, determining UL transmission port based on measurement on downlink signal is not proper especially for FDD. Furthermore, different UL interference on multiple antenna ports cannot be sensed by UE based on downlink signal which further impact the accuracy to select the optimal antenna port. Secondly, as UE’s antenna port switching is totally transparent to gNB, gNB cannot perform accurate link adaptation to match with UE’s selected transmission port. 
To overcome the above mentioned disadvantages of open loop based port selection and further improve the robustness of UL transmission, LTE introduced the closed loop based port selection mechanism. Closed loop based port selection mechanism implies that gNB instructs the UE with the port selection. 
Figure 1 provides the system level simulation results to compare the performance of closed loop based and open loop based antenna port selection mechanism. It can be seen that closed loop based antenna port selection mechanism has more than 20% gain with cell average throughput and 40% gain with cell edge throughput over open loop based antenna port selection mechanism. 
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Figure 1.Performance of open loop and closed loop based antenna port selection for single port transmission

Observation 1: Closed loop based antenna port selection mechanism has more than 20% gain with cell average throughput and 40% gain with cell edge throughput over open loop based antenna port selection mechanism.
Proposal 1:To provide robust single port transmission for UL, NR should support closed loop based port selection as LTE.
In LTE, the port selection indication is achieved through the CRC mask of UL grant signaling. It should be noted that in LTE, the port selection indicated by the CRC mask denotes SRS port. However, in NR, there may be no SRS configuration for DCI format 0_0. Therefore, LTE like mechanism with minor modification to adapt to no SRS configuration use case can be considered for NR. 
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Figure 1.Antenna port selection based on CRC mask indication when no SRS is configured
Figure1 shows a LTE like mechanism for antenna port selection indication when no SRS is configured. Since when no SRS is configured, the association between SRS port index and UE’s physical antenna port cannot be established between gNB and UE, the absolute SRS port indication cannot be used any more. In this sense, the  indication of antenna port switching relative to previous transmitted antenna port is more reasonable to instruct UE on the port selection. For instance, when gNB detects the channel quality of port 0 degrades at t0, it can notify UE with CRC mask 1 to switch to another antenna port even if gNB has no knowledge on which physical antenna port UE is actually transmitting with. UE then switches to port 1 with better quality at t1 and is not required to switch the antenna port with the indication of CRC mask 0 until t4. Following similar indication mechanism as LTE using CRC mask shown in Table 1, closed loop based antenna port selection can be easily achieved when no SRS is configured. In Table 1, CRC mask is still be utilized to indicate the antenna port selection as no TPMI/SRI field defined in DCI format 0_0, and the only different is the indicated information denotes antenna port switching or not relative to previous transmit antenna port.
Table 1.LTE like UE transmit antenna selection mask when no SRS is configured
	UE transmit antenna selection 
	Antenna selection mask
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	No antenna port switch
	<0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0>

	antenna port switch
	<0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1>


Based on the above discussion, we propose that:
Proposal 2: CRC mask is used to indicate antenna port switching for DCI format 0_0 when no SRS is configured to support closed loop based antenna selection.
4 Discussion on SRS configuration
At most two SRS resources are supported in Rel-15 for codebook based transmission. If they are used for antenna selection, gNB should configure the guard period (GP) between the two SRS resources based on UE capability for the UE to switch antennas for the SRS transmission. One solution is that the UE reports its capability of required guard period for SRS transmission to assist gNB to configure SRS resource time behaviour. More analysis can be found in our companion contribution [1]. 
Proposal 3: The UE should report its required guard period between transmission of different SRS resources for codebook transmission.
5 Conclusions
From the above discussion, we have the following proposal:
Observation 1: Closed loop based antenna port selection mechanism has more than 20% gain with cell average throughput and 40% gain with cell edge throughput over open loop based antenna port selection mechanism.
Proposal 1:To provide robust single port transmission for UL, NR should support closed loop based port selection as LTE.
Proposal 2: CRC mask is used to indicate antenna port switching for DCI format 0_0 when no SRS is configured to support closed loop based antenna selection.

Proposal 3: The UE should report its required guard period between transmission of different SRS resources for codebook transmission.
References

[1] R1-1801810, “Antenna selection transmission for PUSCH”, Athens, February 26th – March 2nd, 2018.
Appendix A: Text proposal 

----Text Proposal for TS38.214------------------------------------------------------------------------------------------

< Unchanged parts are omitted >
6.1.1.1
Codebook based UL transmission

< Unchanged parts are omitted >
When multiple SRS resources are configured, the UE shall expect that higher layer parameter NrofSRS-Ports shall be configured with the same value in all SRS resources, and the higher layer parameter SRS-ResourceConfigType shall be configured with the same value in all SRS resources.
A guard period depending on UE capability where UE does not transmit any other signal in-between the SRS resources in the SRS set for codebook is used in case the SRS resources are transmitted in the same slot.
< Unchanged parts are omitted >
----Text Proposal ends----------------------------------------------------------------------------------------------------
Appendix B: Simulation assumption
	Parameter
	Urban Macro

	System
	TDD

	Layout
	Single layer

Macro layer: Hex Grid

	ISD
	200m

	Carrier Frequency
	4GHz

	System bandwidth and carrier spacing
	20MHz (15kHz/RE)

	Channel model
	5G UMa according to 38.901

	UE Tx power
	23dBm

	BS antenna height
	25m

	UE antenna height
	Follow TR36.873

	BS antenna element gain
	8dBi

	BS receiver noise figure
	5dB

	UE antenna element gain
	0dBi

	UE distribution
	20% outdoor (30km/h), 80% indoor (3km/h)

10 users per TRP 

	O2I penetration loss
	20% high loss, 80% low loss

	Traffic model
	Full Buffer

	Scheduler
	SU-PF
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