3GPP TSG RAN WG1 Meeting #93	                                                  	               R1-1805958
Busan, Korea, May 21st – 25th, 2018

Agenda Item:	7.1.2.3.3 
Source:	Huawei, HiSilicon
Title:	Remaining issues on DMRS design
Document for:	Discussion and decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK4][bookmark: _Ref129681832]In this contribution, we provide some text proposals for current technique specifications regarding DMRS to complete the specification and improve the quality, mainly including EPRE ratio between data and DMRS for DMRS before RRC and fallback DCIs, remaining DMRS locations for PUSCH and PDSCH, DMRS locations for PUSCH with frequency hopping, and some editorial typos. All issues discussed in this contribution and the text proposals provided are based on the latest technique specifications endorsed after #92bis meeting [1]-[3].

EPRE ratio between data and DMRS for DMRS before RRC and fallback DCIs
In the latest 38.214, there is an ambiguity that the EPRE ratio between data and DMRS for DMRS before RRC and fallback DCIs have not been specified. In specific, in current 38.214, the EPRE ratio between DMRS and data is signaled by DCI. However, this description is not suitable for DCI format 0_0 and 1_0 since there is no Antenna port(s) field. Therefore, the ratio of PDSCH/PUSCH EPRE to DMRS EPRE for DMRS before RRC or in the fallback DCIs should be specified.
In current 38.214, as given below, for DMRS before RRC or fallback DCIs for PDSCH and PUSCH, DMRS type 1 will be applied with one port and 
· For PDSCH with CP-OFDM, TDM with data except for FDM with data for PDSCH mapping type B with 2 symbol duration, 
· For PUSCH with CP-OFDM, TDM with data except for FDM with data for PUSCH with 2 or less symbol duration,
· For PUSCH with DFT-s-OFDM, TDM with data.
Based on this design, if DMRS is TDM with data, the power of unused RE in DMRS symbol can be used to boost the DMRS power that provides better channel estimation performance.
	Current descriptions in TS 38.214
------Unchanged parts are omitted------
[bookmark: _Toc510988182]5.1.6.2	DM-RS reception procedure
When receiving PDSCH scheduled by PDCCH with CRC scrambled by SI-RNTI, RA-RNTI, P-RNTI or TC-RNTI, or receiving PDSCH scheduling DCI format 1_0 by PDCCH with CRC scrambled by C-RNTI or CS-RNTI, receiving PDSCH before dedicated higher layer configuration of any of the parameters dmrs-AdditionalPosition, maxLength and dmrs-Type, the UE shall assume that the PDSCH is not present in any symbol carrying DM-RS except for PDSCH with allocation duration of 2 symbols with PDSCH mapping type B (described in subclause 7.4.1.1.2 of [4, TS 38.211]), and a single symbol front-loaded DM-RS of configuration type 1 on DM-RS port 1000 is transmitted, and that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE and in addition
------Unchanged parts are omitted------
[bookmark: _Toc510988238]6.2.2	UE DM-RS transmission procedure
When transmitted PUSCH is not scheduled by PDCCH format 0_1 with CRC scrambled by C-RNTI or CS-RNTI, the UE shall use single symbol front-loaded DM-RS of configuration type 1 on DM-RS port 0 and the remaining REs not used for DM-RS in the symbols are not used for any PUSCH transmission except for PUSCH with allocation duration of 2 or less OFDM symbols with transform precoding disabled, additional DM-RS can be transmitted according to the scheduling type and the PUSCH duration as specified in Table 6.4.1.1.3-3 of [4, TS38.211] for frequency hopping disabled and as specified in Table 6.4.1.1.3-6 of [4, TS38.211] for frequency hopping enabled, and
------Unchanged parts are omitted------


However, as described in Section 4.1 and Section 6.2.2 in the latest TS 38.214, the UE would ONLY determine the ratio of PDSCH/PUSCH EPRE to DMRS EPRE according to the number of DMRS CDM groups without data signaled by DCI, as shown below. 
	Current descriptions in TS 38.214
4.1	Power allocation for downlink



For downlink DM-RS associated with PDSCH, the UE may assume the ratio of PDSCH EPRE to DM-RS EPRE (1/[dB]) is given by Table 4.1-1 according to the number of DM-RS CDM groups without data as signalled by DCI [5, TS 38.212]. The DM-RS scaling factor  specified in subclause 7.4.1.1.2 of [4, TS 38.211] is given by .
6.2.2	UE DM-RS transmission procedure



For uplink DM-RS with PUSCH, the UE may assume the ratio of PUSCH EPRE to DM-RS EPRE ([dB]) is given by Table 6.2.2-1 according to the number of DM-RS CDM groups without data as signalled by DCI [5, TS 38.212]. The DM-RS scaling factor  specified in subclause 6.4.1.1.3 of [4, TS 38.211] is given by .


For DCI format 0_1/1_1, this description is reasonable since the number of DMRS CDM groups without data is indicated in Antenna port(s) field. However, it is no longer suitable for DCI format 0_0 and 1_0 since there is no DMRS indication field in 0_0 or 1_0. In this way, for DMRS before RRC or fallback DCIs, UE may not know what ratio of the PUSCH/PDSCH EPRE to DMRS EPRE it should assume to transmit or receive on the DMRS. Therefore, the default EPRE ratio for such cases should be specified to avoid the ambiguity. An example TP is given as follows.
Proposal 1: The ratio of PDSCH/PUSCH EPRE to DMRS EPRE for DMRS before RRC or in the fallback DCIs should be specified.
	Text proposals for TS 38.214 Section 4.1 and Section 6.2.2 
4.1	Power allocation for downlink
------Unchanged parts are omitted------

For downlink DM-RS associated with PDSCH, the UE may assume the ratio of PDSCH EPRE to DM-RS EPRE (1/[dB]) is given by Table 4.1-1 according to the number of DM-RS CDM groups without data as signalled by DCI [5, TS 38.212] if provided or . 
· the UE shall assume the number of DMRS CDM groups without data is 1 for PDSCH with allocation duration of 2 symbols with mapping type B, or
· the UE shall assume the number of DMRS CDM groups without data is 2 otherwise.


The DM-RS scaling factor  specified in subclause 7.4.1.1.2 of [4, TS 38.211] is given by .
------Unchanged parts are omitted------
6.2.2	UE DM-RS transmission procedure
------Unchanged parts are omitted------

For uplink DM-RS with PUSCH, the UE may assume the ratio of PUSCH EPRE to DM-RS EPRE ([dB]) is given by Table 6.2.2-1 according to the number of DM-RS CDM groups without data as signalled by DCI [5, TS 38.212] if provided or
· the UE shall assume the number of DMRS CDM groups without data is 1 for PUSCH with allocation duration of 2 or less OFDM symbols with transform precoding disabled, or
· the UE shall assume the number of DMRS CDM groups without data is 2 otherwise.


. The DM-RS scaling factor  specified in subclause 6.4.1.1.3 of [4, TS 38.211] is given by .
------Unchanged parts are omitted------



DMRS locations for PUSCH and PDSCH
In the latest TS 38.211, there are a set of brackets in Table 6.4.1.1.3-3 and Table 7.4.1.1.2-3 for DMRS locations for PUSCH and PDSCH, as shown below. In specific, whether the additional DMRS is supported for these cases have not been specified. 

Table 6.4.1.1.3-3: PUSCH DM-RS positions  for single-symbol DM-RS and frequency hopping disabled.
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Table 7.4.1.1.2-3: PDSCH DM-RS positions [image: ] for single-symbol DM-RS.
	Duration in symbols
	DM-RS positions [image: ]
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In previous meetings, one concern is that in these cases the additional DMRS may locate at the last symbol of PDSCH/PUSCH duration and UE would then have less time to perform transport block decoding since it should estimate the channel first before decoding. However, it can be noticed that similar cases have been already supported in current spec, such as {[image: ], 6, 9} for PUSCH/PDSCH mapping type A with symbol duration as 10 and {[image: ], 3, 6, 9} for PUSCH mapping type B with symbol duration as 10, where the last additional DMRS locates on the last PUSCH/PDSCH symbol. Therefore, there is no issue to also support the cases in brackets. Besides, in our view, the additional DMRS is benefit to symbol duration as 5 and 8 for providing better channel estimation performance in time domain. Hence, we prefer to remove the brackets in current tables.
Proposal 2: Remove the brackets in Table 6.4.1.1.3-3 and Table 7.4.1.1.2-3 in TS 38.211:
· Support additional DMRS in symbol 7 for PUSCH and PDSCH mapping type A with 8 symbols duration
· Support additional DMRS in symbol 4 for PUSCH mapping type B with 5 symbols duration

DMRS locations for PUSCH with frequency hopping
In Section 6.4.1.1.3 of the latest TS 38.211, for the DMRS location for PUSCH with frequency hopping, there is a misalignment between current description and previous agreements. In specific, in current spec, it can be noticed that the additional DMRS is not supported for BOTH hops if the front-load DMRS is configured as [image: ], as shown below.
	Current descriptions in TS 38.211
6.4.1.1.3	Precoding and mapping to physical resources 
------Unchanged parts are omitted------


The time-domain index  and the supported antenna ports  are given by Tables 6.4.1.1.3-3 through 6.4.1.1.3-6:
-	if the higher-layer parameter maxLength in DMRS-UplinkConfig is equal to 1 and frequency hopping is disabled, the tables shall be used according to single-symbol DM-RS
-	if the higher-layer parameter maxLength in DMRS-UplinkConfig is equal to 2 and frequency hopping is disabled, the associated DCI determines whether single-symbol or double-symbol DM-RS shall be used
-	if the higher-layer parameter dmrs-AdditionalPosition is equal to or more than 1 and frequency hopping is enabled according to clause 7.3.1.1.2 in [5, TS 38.212], Table 6.4.1.1.3-6 shall be used assuming dmrs-AdditionalPosition is 1 for each hop. If [image: ], dmrs-AdditionalPosition is assumed to be 0.
------Unchanged parts are omitted------



However, according to the following agreement achieved in #91 meeting, the additional DMRS could be supported for a hop ONCE the duration of this hop is satisfied, regardless the location of the front-load DMRS in the 1st hop, i.e., . 
	Agreement:
For the PUSCH with a hop, when one-symbol front-load DMRS is configured in the first symbol of each hop, the one one-symbol additional DMRS can be configured in:
· 5th symbol with respect to the front-load DMRS in each hop for a hop duration more than 4 symbols (otherwise no additional DMRS)
For CP-OFDM PUSCH with a hop the same DMRS locations as DFT-S-OFDM PUSCH with a hop are supported.
For the PUSCH with a hop, when one-symbol front-load DMRS is configured in the third or fourth symbol of the 1st hop, the one one-symbol additional DMRS can be configured in 
· 5th symbol with respect to the front-load DMRS in each hop if it is part of the hop (otherwise no additional DMRS)


[bookmark: _GoBack]For example, as shown in Figure 1, for the first hop, the front-loaded DMRS is on the 4th symbol ([image: ]) and there is no additional DMRS since the additional DMRS would be on the 8th symbol which is out of the duration. However, according to the agreement, for the second hop, its front-loaded DMRS is on the 1st symbol and one additional DMRS can be located on the 5th symbol since it is still part of the 2nd hop. 
[image: ]
Figure 1. An additional DMRS example for frequency hopping case with [image: ]
Therefore, even for [image: ], Table 6.4.1.1.3-6 can also assume dmrs-AdditionalPosition is 1 due to the 2nd  hop can still have additional DMRS for such case. In this way, we propose the following proposal and TP to capture the agreement precisely.
Proposal 3: To capture the agreement for one additional DMRS in the second hop when [image: ] in the hopping cases.
	Text proposals for TS 38.211 Section 6.4.1.1.3 
6.4.1.1.3	Precoding and mapping to physical resources 
------Unchanged parts are omitted------


The time-domain index  and the supported antenna ports  are given by Tables 6.4.1.1.3-3 through 6.4.1.1.3-6:
-	if the higher-layer parameter maxLength in DMRS-UplinkConfig is equal to 1 and frequency hopping is disabled, the tables shall be used according to single-symbol DM-RS
-	if the higher-layer parameter maxLength in DMRS-UplinkConfig is equal to 2 and frequency hopping is disabled, the associated DCI determines whether single-symbol or double-symbol DM-RS shall be used
-	if the higher-layer parameter dmrs-AdditionalPosition is equal to or more than 1 and frequency hopping is enabled according to clause 7.3.1.1.2 in [5, TS 38.212], Table 6.4.1.1.3-6 shall be used assuming dmrs-AdditionalPosition is 1 for each hop. If [image: ], dmrs-AdditionalPosition is assumed to be 0.
------Unchanged parts are omitted------

Table 6.4.1.1.3-6: PUSCH DM-RS positions  for single-symbol DM-RS and frequency hopping enabled.
	Duration in symbols for each hop
	
DM-RS positions 

	
	PUSCH mapping type A
	PUSCH mapping type B

	
	dmrs-AdditionalPosition
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	dmrs-AdditionalPosition
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RE mapping sequence of DMRS for PUSCH
In Section 6.4.1.1.3 of the latest TS 38.211, the following modification (highlighted in yellow) has been made for RE mapping sequence of DMRS for PUSCH. 
	Current descriptions in TS 38.211
------Unchanged parts are omitted------
6.4.1.1.3	Precoding and mapping to physical resources 


The sequence  shall be mapped to the intermediate quantity  according to 
-	if transform precoding is not enabled, 


-	if transform precoding is enabled





where , , and  are given by Tables 6.4.1.1.3-1 and 6.4.1.1.3-2 and the configuration type is given by the higher-layer parameter DMRS-UplinkConfig, and both  and  correspond to . The intermediate quantity  if either  or  does not correspond to .
------Unchanged parts are omitted------


However, there are two issues about this modification:
· First, the notation  has not been defined or cited.  
· 
Second, the added description seems want to specify the value of when the  and  are not correspond to . However, from our view, there is no ambiguity in current TS since the relationship between  and corresponding  and  have been already defined in Tables 6.4.1.1.3-1/2. Therefore, this description is redundant and thus is no needed.
Based on above analyses, this description can be removed as shown in the following TP.
	Text proposals for TS 38.211 Section 6.4.1.1.3 
------Unchanged parts are omitted------
[bookmark: _Toc510519350]6.4.1.1.3	Precoding and mapping to physical resources 


The sequence  shall be mapped to the intermediate quantity  according to 
-	if transform precoding is not enabled, 


-	if transform precoding is enabled





where , , and  are given by Tables 6.4.1.1.3-1 and 6.4.1.1.3-2 and the configuration type is given by the higher-layer parameter DMRS-UplinkConfig, and both  and  correspond to .  The intermediate quantity  if either  or  does not correspond to ..
------Unchanged parts are omitted------



Editorial typos in Section 5.1.6.2 of TS 38.214
In Section 5.1.6.2 of the latest TS 38.214, there are some editorial typos that should be corrected:
· For the paragraph of DMRS signaled by DCI 1_0, the “or” is missed before “receiving PDSCH before dedicated higher layer configuration of any of the parameters dmrs-AdditionalPosition, maxLength and dmrs-Type…”
· Wrong table indices when citing DMRS port indication tables of 38.212, i.e., “…Tables 7.3.1.2.2-1, 7.3.1.2.2-2-4, 7.3.1.2.2-1-3, 7.3.1.2.2-1-4 of [5, TS. 38.212]…” and “…Tables 7.3.1.2.2-1-1, 7.3.1.2.2-1-2, 7.3.1.2.2-1-3, 7.3.1.2.2-1-4 of [5, TS. 38.212]…” should be “Tables 7.3.1.2.2-1, 7.3.1.2.2-2, 7.3.1.2.2-3, 7.3.1.2.2-4”.
	Text proposals for TS 38.214 Section 5.1.6.2
------Unchanged parts are omitted------
5.1.6.2	DM-RS reception procedure
When receiving PDSCH scheduled by PDCCH with CRC scrambled by SI-RNTI, RA-RNTI, P-RNTI or TC-RNTI, or receiving PDSCH scheduling DCI format 1_0 by PDCCH with CRC scrambled by C-RNTI or CS-RNTI, or receiving PDSCH before dedicated higher layer configuration of any of the parameters dmrs-AdditionalPosition, maxLength and dmrs-Type, the UE shall assume that the PDSCH is not present in any symbol carrying DM-RS except for PDSCH with allocation duration of 2 symbols with PDSCH mapping type B (described in subclause 7.4.1.1.2 of [4, TS 38.211]), and a single symbol front-loaded DM-RS of configuration type 1 on DM-RS port 1000 is transmitted, and that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE and in addition
------Unchanged parts are omitted------
A UE shall assume that the CDM groups indicated in the configured index from Tables 7.3.1.2.2-1, 7.3.1.2.2-2-4, 7.3.1.2.2-1-3, 7.3.1.2.2-1-4 of [5, TS. 38.212] contain potential co-scheduled downlink DM-RS and are not used for data transmission, where "1", "2" and "3" for the number of DM-RS CDM group(s) in Tables 7.3.1.2.2-1-1, 7.3.1.2.2-1-2, 7.3.1.2.2-1-3, 7.3.1.2.2-1-4 of [5, TS. 38.212] correspond to CDM group 0, {0,1}, {0,1,2}, respectively.
------Unchanged parts are omitted------



Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]This contribution provides some possible text proposals for current TS version regarding DMRS to complete the specification and improve the quality.  Based on above discussions, the following proposals can be achieved
Proposal 1: The ratio of PDSCH/PUSCH EPRE to DMRS EPRE for DMRS before RRC or in the fallback DCIs should be specified.
Proposal 2: Remove the brackets in Table 6.4.1.1.3-3 and Table 7.4.1.1.2-3 in TS 38.211:
· Support additional DMRS in symbol 7 for PUSCH and PDSCH mapping type A with 8 symbols duration
· Support additional DMRS in symbol 4 for PUSCH mapping type B with 5 symbols duration
Proposal 3: To capture the agreement for one additional DMRS in the second hop when [image: ] in the hopping cases.
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