[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Ref452454252]3GPP TSG-RAN WG1 Meeting #84	R1-161087
St George's Bay, Malta, 15th – 19th November 2016

Agenda item:		7.1.5
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Source:	Nokia Networks, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
Title:	UE Search Space Starting Subframe Definition
Document for:		Discussion and Decision
Introduction
In this document we discuss the following issues relating to the current definition of the UE-SS Starting Subframe:
· The values of the SFN and starting subframe offset used to identify the start of the initial and successive UE-SS spaces.
· The capability to define periods between successive UE-SS spaces.
· The type and range of the higher layer parameters defining the starting subframe.
Background
In this section, we provide extracts from key agreements and CRs relating to the definition/usage of the UE-SS starting subframe.
At the RAN1 #83 meeting the following agreement [5] was recorded that supports the option of a gap between successive UE-SS spaces. 

RAN1#83 agreement:
· The relation between starting subframes and maximum number of R is 
· Option 2: The periodicity of starting subframes of UE-SS can be longer than maximum number of R. Only one SS occurs after the starting subframe of UE-SS. 
· Note: the duration between the two adjacent starting subframes should be no less than the actual subframe duration of the maximum number of R
· The possible starting subframes for M-PDCCH search space are defined regardless of valid/invalid DL subframe(s) 



RAN1#83 agreement:
· For starting subframe for USS, 
·  Separate RRC parameter: 
· RAN1 recommends to have 3 bits for the signalling, and kindly ask RAN2 to specify the details of the signalling
· .

From the RAN1 #83 agreements [5], the key RAN2 TS36.331 [4] updates relating to UE-SS Start Subframe (mpdcch-StartSF-UESS-r13) are copied below.  Points to note include:
· There is no explicit indication of how the UE determines either the initial or subsequent starting SFN 
· The mpdcch-StartSF-UESS-r13 IE is defined as a length 3 Bit String, with a range limited to 0,1,..,7 rather than an integer with a range 0,1,…9

6.3.2       Radio resource control information elements
–                       EPDCCH-Config
The IE EPDCCH-Config specifies the subframes and resource blocks for EPDCCH monitoring that E-UTRAN may configure for a serving cell.
EPDCCH-Config information element
-- ASN1START

EPDCCH-Config-r11 ::=     SEQUENCE{
    config-r11     CHOICE {
       release                   NULL,
           setup                     SEQUENCE {
           subframePatternConfig-r11 CHOICE {
               release                   NULL,
               setup                     SEQUENCE {
                  subframePattern-r11          MeasSubframePattern-r10
               }
           }                                                             OPTIONAL, -- Need ON
           startSymbol-r11              INTEGER (1..4)                     OPTIONAL, -- Need OP
           setConfigToReleaseList-r11   EPDCCH-SetConfigToReleaseList-r11      OPTIONAL, -- Need ON
           setConfigToAddModList-r11 EPDCCH-SetConfigToAddModList-r11     OPTIONAL -- Need ON
       }
    }
}

EPDCCH-Config-v13xy ::=      SEQUENCE {
    config-r13                   CHOICE {
       release                      NULL,
       setup                        SEQUENCE {
           mpdcch-pdsch-HoppingConfig-r13   ENUMERATED {on,off},
           mpdcch-StartSF-UESS-r13          BIT STRING (SIZE (3)),
           mpdcch-NumRepetition-RA-r13      ENUMERATED {r1, r2, r4, r8, r16,
                                                   r32, r64, r128, r256},
           mpdcch-Narrowband-r13         INTEGER (0..15)
       }
    }                                                                 OPTIONAL,    -- Need ON
}

EPDCCH-SetConfigToAddModList-r11 ::= SEQUENCE (SIZE(1..maxEPDCCH-Set-r11)) OF EPDCCH-SetConfig-r11

EPDCCH-SetConfigToReleaseList-r11 ::=   SEQUENCE (SIZE(1..maxEPDCCH-Set-r11)) OF EPDCCH-SetConfigId-r11

EPDCCH-SetConfig-r11 ::=     SEQUENCE {

mpdcch-StartSF-UESS
Starting subframe configuration for an M-PDCCH UE-specific search space, see TS 36.211 [22].

The key RAN1 TS36.211 [1] updates relating to UE-SS Start Subframe (mpdcch-StartSF-UESS-r13) are copied below.  Points to note include:
· It covers how the UE should identify which narrowband to select for a given subframe depending on the use of frequency hopping.
· There is no explicit indication of how the UE determine either the initial or subsequent starting SFN 
· There is no explanation as to why the starting subframe should be limited to a range of 0,1,…,7



For distributed transmission, each resource element in an EREG is associated with one out of two antenna ports in an alternating manner, starting with antenna port 107, where  for normal cyclic prefix and  for extended cyclic prefix.



For LC/CE UEs, the narrowband  for EPDCCH transmission in the first subframe of EPDCCH monitoring instance is provided by higher layers. Starting subframe configuration of UE-specific search space where UE monitors an EPDCCH is also provided by higher layers. The EPDCCH is transmitted with  repetitions, spanning  consecutive subframes, including invalid downlink subframes where the the EPDCCH transmission is postponed. 

-	If frequency hopping is not enabled for EPDCCH, the repetitions of an EPDCCH candidate are located at the same PRB resources in the same narrowband , and  


-	if frequency hopping is enabled for EPDCCH, an EPDCCH candidate shall be transmitted in subframe  within the   consecutive downlink subframes using the same PRB resources within each narrowband







where  is the absolute subframe number of the first downlink subframe of EPDCCH monitoring instance, and ,  and  are a cell-specific higher-layer parameters. The UE shall not expect EPDCCH transmission in subframe  if it is not a valid downlink subframe.

LC/EC UEs may assume the same precoding matrix being used for a PRB across a block of   consecutive subframes for EPDCCH.



Finally the key RAN1 TS36.213 [3] updates relating to UE-SS Start Subframe (mpdcch-StartSF-UESS-r13) are copied below.  Points to note include:
· It covers how the UE should identify the start subframes of M-PDCCH decoding candidates within a search space depending on their repetition level.
· There is no explicit indication of how the UE determine either the initial or subsequent starting SFN 
· There is no explanation why the starting subframe should be limited to a range of 0,1,…,7

For Type2-MPDCCH common search space, the number of PRB-pairs in MPDCCH-PRB-set is 2+4 PRB-pairs, and
· 
for PRACH coverage enhancement level 0 and 1, the aggregation and repetition levels defining the search spaces and the number of monitored MPDCCH candidates are determined from Table 9.1.5-1b, by assuming that the number of candidates for <8  as zero.
· for PRACH coverage enhancement level 2 and 3, the aggregation and repetition levels defining the search spaces and the number of monitored MPDCCH candidates are determined from Table 9.1.5-2b, where 





where ,, , are determined from Table 9.1.5-3 by substituting the value of  with the value of higher layer parameter mPDCCH-NumRepetition-RA.










Locations of starting subframe  are determined from higher layer configured subframe , and are given by where is the th consecutive LC/CE DL subframe from , and , and , and , where
· 





For MPDCCH UE-specific search space, and Type0-common search space,  is given by the higher layer parameter mPDCCH-startSF-UESS, is given by higher layer parameter mPDCCH-NumRepetition, and ,, , are given in Table 9.1.5-3.
· 





 For Type1-common search space,  is determined from locations of paging opportunity subframes, is given by higher layer parameter mPDCCH-NumRepetition-Paging, and ,, , are given in Table 9.1.5-4.



[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Discussion
As per the RAN1 #83 agreements, there should be defined the option of a configurable gap between successive UE-SS spaces. Such a gap would provide the network with the capabilities to:
· TDM multiplex UE-SS with other traffic on the DL 
· A means to reduce the LC/CE UE resources spent monitoring its UE-SS.  
However the current specifications do not indicate the support of a gap.  Considering the benefits of a monitoring gap, it is proposed that the specifications be amended to include a higher layer parameter to configure a UE specific monitoring gap.  In this section we discuss in detail how a monitoring gap could be supported.  
One way to configure such a gap, would be to add a higher layer parameter, ss_monitoring_period, defining a UE specific UE-SS monitoring period.  Note, a UE specific value is considered desirable, as different devices may have different traffic models and/or power requirements justifying UE specific monitoring periods. To facilitate easier TDM multiplexing of different UEs with different monitoring periods, it is recommended that the ss_monitoring_period corresponds to the time between the start of adjacent SS (therefore it includes the maximum number of repetitions of the MPDCCH) rather than the time between the end of one SS and the start of the next SS.  An example range is stated below.
· ss_monitoring_period    {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}
Proposal 1:  The time between the starting subframes of successive UE-SS M-PDCCH search spaces is defined by a higher layer defined parameter, the ss_monitoring_period.  The ss_monitoring_period can be set to a value equal or greater than the maximum number of repetitions of the MPDCCH. 
Assuming, RAN1 supports the introduction of a monitoring period, then to maximise the DL TDM scheduling efficiency and minimise unnecessary UE blind decoding, the UE should be able to determine unambiguously the first SFN that the LC/CE UE should use to start monitoring for its SS.  
Proposal 2:   The LC/CE UE determines the first SFN index to search for its MPDCCH without the need for blind decoding.
In order to satisfy proposal 2, several options are available, including:
Option (1):  Implicit determination by using SFN#0 as the reference SFN for the signalled starting subframe
This method relies on referencing the signalled starting subframe to SFN#0 and ensuring all subsequent starting subframes occur a multiple of the “ss_monitoring_period” from that point.  The advantage of this method is that other than the ss_monitoring_period, no additional higher layer parameters are required.  The disadvantage of this method is that all separately defined UE-SS spaces are constrained to have a starting frame in SFN#0, which even allowing for the capability to use multiple aggregation levels, will eventually mean that SFN#0 will restrict both the number of different UE-SS spaces that can be defined and also how they are multiplexed together.
Option (2):  Explicit determination using modified higher layer signalling
Higher layer signalling could be modified in at least 2 ways to provide the exact SFN and subframe 
(2a)  In addition to the current “starting SF” and suggested “ss_monitoring_period” parameters, a new “absolute_SFN” parameter could be sent with the “starting SF” to indicate unambiguously to the UE the SFN value where the “starting SF” is referenced to.
(2b)   Rather than defining a separate new “absolute_SFN” parameter, the definition and range of the “starting_SF” could be modified to indicate absolute SF number within a complete SFN range.  Note that TS36.211 already includes a definition of the absolute subframe number.
	The key advantage of option (2) over option (1), is that it effectively increases the UE-SS space capacity, by enabling flexible TDM multiplexing unconstrained by SFN#0.  The disadvantage of option (2), is that higher layer signalling (by either (2a) or (2b)) will be increased by around 10-11 bits.
From the options described above, we have a slight preference for option (2) because it adds a degree of freedom to scheduler design and maximises UE-SS space capacity.
Proposal 3:   The absolute starting SF index that a LC/CE UE uses to search for its first MPDCCH is explicitly indicated to the LC\CE UE via:
Option A:  A new higher layer parameter indicating the index of the starting SFN.	
Option B:  The existing Starting SF higher layer parameter using an extended range.
In order to determine the SFN and starting offsets of subsequent UE-SS spaces, a function similar to that now described could be used.
· Rmax	the maximum number of repetition of the MPDCCH given by higher layer parameter mPDCCH-NumRepetition
· Fm		the UE-SS starting frame offset given by the higher layer parameter mPDCCH-startSF-UESS for SFN m
· m	the SFN of the radio frame determined to be the first radio frame where the UE should monitor for its UE-SS 
· P	the number of subframes between the start of successive search spaces.  This is supplied by a new higher layer parameter, ss_monitoring_period    
· un,j	the jth MPDCCH starting frame offset opportunity within the nth SFN, where j is from {1,...,b} where b represents the number of potential start frame offsets with that SFN.  If b is 0, there are no starting offsets within that SFN.
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Determine first starting subframe offset, un,0 for the nth SFN
If n=m and P=<10
um,0 = Fm 
Given uk,0 determine the total number of potential starting subframes present within the Kth SFN
b = floor[ (10 – um,0) / P ]  
Starting subframe offsets for SFN K are given by,
      um,j = um,0 + j*P   for i=0,...,b
If n=m and P>10
um,0 = Fm 
If n>m and P =< 10
If         rem [  ( 10(n-m)  -  Fm),  P  ] = 0     then     un,0 =0
Else       un,0 = P - rem [ (10(n-m) - Fm),  P  ]
With un,0, determine the total number of potential starting subframes present within that SFN
b = floor[ (10-un,0) / P ]
Starting subframe offsets for SFN n are given by,
     un,j = un,0 + j*P   for j=0,...,b
If n>m and P>10 
           	If        P - rem [ (10(n-m)-F0),  P  ] < 10  then 	un,0 = P – rem(10n, P)
				Else        There is no starting subframe within the nth SFN

Proposal 4:   The SFN and starting subframe indices that a LC/CE UE uses to identify the start of successive UE-SS spaces are determined using the higher layer parameters ss_monitoring_period and mPDCCH-startSF-UESS.   
Within TS36.331 the following LC/CE starting subframes are all defined as BIT STRING (SIZE (3)).  
mpdcch-startSF-CSS-RA-r13			BIT STRING (SIZE(3)),
mpdcch-StartSF-UESS-r13			BIT STRING (SIZE (3)),
prach-StartingSubframe-r13				BIT STRING (SIZE(3)),
Using this size(3) bit string definition limits the effective range of starting frame offsets to (0,1,...,7), meaning that it is not possible to specify subframes 8 and 9 as starting subframe offsets. In addition, defining these values as bit strings rather than integers adds unnecessary processing and is inconsistent with similar offsets (e.g. the longDRX-CycleStartOffset) already defined.
Proposal 5:  RAN1 reviews the type and range used to define LC/CE USS, CSS and PRACH starting subframes.
Conclusions
In this contribution, we discussed several issues relating to the definition of the USS subframe came up with the following proposals for RAN1 and RAN2 to consider.
Proposal 1:   The time between the starting subframes of successive UE-SS M-PDCCH search spaces is defined by a higher layer defined parameter, the ss_monitoring_period.  The ss_monitoring_period can be set to a value equal or greater than the maximum number of repetitions of the MPDCCH. 
Proposal 2:   The LC/CE UE determines the first SFN index to search for its MPDCCH without the need for blind decoding.
Proposal 3:   The absolute starting SF index that a LC/CE UE uses to search for its first MPDCCH is explicitly indicated to the LC\CE UE via:
Option A:  A new higher layer parameter indicating the index of the starting SFN.	
Option B:  The existing Starting SF higher layer parameter using an extended range.
Proposal 4:   The SFN and starting subframe indices that a LC/CE UE uses to identify the start of successive UE-SS spaces are determined using the higher layer parameters ss_monitoring_period and mPDCCH-startSF-UESS.   
Proposal 5:  RAN1 reviews the type and range used to define LC/CE USS, CSS and PRACH starting subframes.
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