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Simplified HS-SCCH type 1 operation
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introduction
The simplified HS-SCCH type 1 operation is specified as part of the Rel-15 WI [1]. Applying the simplified HS-SCCH type 1 operation, the UE should be able to improve the channel decoding performance based on the known bit positions within the HS-SCCH Part I message contents. CRs to stage 2 and stage 3 for this feature related to triggering of the simplified HS-SCCH type 1 operation and the signalling support in RRC signalling messages and HS-SCCH order messages, were agreed during RAN6#5 [2].
An enhancement to the simplified HS-SCCH type 1 operation is presented in this contribution, which yields enhanced channel decoding performance, at the same time reduces the computational complexity at the UE and has low impact to the specifications after latest agreed changes at RAN6#5.
SIMPLIFIED HS-SCCH TYPE 1 operation
The simplified HS-SCCH type 1 operation as agreed in RAN6#5 [2] fixes the code group indicator (3 bits) to be “000” (i.e. a single code is assigned) and the modulation scheme (1 bit) to be “0” (QPSK), whilst it assumes that all the 15 codes (i.e. 16 codes except code related to code offset 16), indicated in the code offset indicator (4 bits), are applicable for simplified HS-SCCH type 1 operation. Thus, for decoding the message in HS-SCCH Part I in slot 0, the UE needs to consider merely 15 bit sequences as valid code points, rather than 256 bit sequences (8 bit) used in the legacy reception method, as shown in Figure 1.
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Figure 1: Valid code points (15 bit sequences) for decoding of simplified HS-SCCH type 1. 

However, this approach limits the sensitivity performance, which is relevant e.g. at cell edge, and keeps the computational complexity of the UE still rather high.
ENHANCEMENT TO SIMPLIFIED HS-SCCH TYPE 1 operation
This section depicts the proposed enhancement to the simplified HS-SCCH type 1 operation detailing the use cases and the functional concept description.

Benefits
To reduce computational complexity of the UE, further simplification for decoding of the simplified HS-SCCH type 1 is required, in particular for HS-SCCH part I. This can be achieved if the set of candidate codes – a code hereafter referred to as HSDPA code - which are applicable for HS-DSCH operation towards the UE is known by the UE. For example, the set of candidate HSDPA codes to be used for HS-DSCH operation is indicated in selected RRC messages to the UE and the set of candidate codes is considerably lower than 15. Hence for later decoding of the code offset indicator in the HS-SCCH part I message, the UE needs only to check the sequences for these candidate HSDPA codes rather than 256 sequences as in legacy HS-SCCH type 1 operation or 15 sequences as in simplified HS-SCCH type 1 operation.

Moreover, when the UE switches to simplified HS-SCCH type 1 operation, triggered by low CQI, and if the UTRAN authorizes the usage of a candidate set of HSDPA codes for HS-DSCH operation via separate signalling, then the sensitivity performance can be further improved, since more bits in HS-SCCH Part I are known by the UE prior to reception and decoding of the actual signalled code offset indicator. This will assist in providing higher robustness of the link for a UE at cell edge when in simplified HS-SCCH type 1 operation.

Assignment of HSDPA code offset sub-group
The candidate HSDPA codes are grouped into HSDPA code offset sub-groups, which each represent a set of adjacent HSDPA code offsets. The assignment of the HSDPA code offset sub-group for later use during simplified HS-SCCH type 1 operation is illustrated in Figure 2 below for the cases of HSDPA code offset sub-group sizes 1, 2 and 4.
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Figure 2: Illustration of HSDPA code offset assignment for sub-group sizes 1, 2 and 4 prior to usage during simplified HS-SCCH type 1 operation using HSDPA code offset reservation.

For a HSDPA code offset sub-group size of 1, the UE may expect only a single HSDPA code offset (allowed range: 1…15) as being previously signalled via RRC signalling when it entered HSDPA operation. For a HSDPA code offset sub-group size of 2, the UE may expect any of two adjacent HSDPA code offsets belonging to a previously signalled specific HSDPA code offset sub-group (allowed range: 1…8) and for a HSDPA code offset sub-group size of 4 the UE may expect any of four adjacent HSDPA code offsets belonging to a signalled specific HSDPA code offset sub-group (allowed range: 1…4). In the above cases, the UE knows the set of HSDPA codes which may be used when in Simplified HS-SCCH type 1 operation, and hence it can further improve the channel decoding performance (see section 5).

Signalling of the HSDPA code offset sub-group 
The use case for assigning a HSDPA code offset sub-group to a specific UE is considered sufficient to allow semi-static control via RRC signalling towards the UE adapting to changes e.g. due to traffic load increase / decrease. To introduce this enhancement, a combined signalling approach using RRC signalling and HS-SCCH orders to convey the HSDPA code offset sub-group information and activate the operation, respectively, is thus proposed as follows.

1) The RRC signalling is extended to include the HSDPA code offset sub-group size (1, 2, 3 or 4) and the HSDPA code offset sub-group ID (1…15) to indicate the HSDPA code offset reservation for a particular UE. The signalling of these parameters consumes 6 bits as shown in Table 1 below. 

2) The HS-SCCH order then signals towards the UE, if the simplified HS-SCCH type 1 operation with HSDPA code offset reservation, as defined per previous RRC signalling, is to be used by the UE. Hence only one code point in the HS-SCCH order message is needed to signal Start simplified HS-SCCH type 1 transmission interval order with HSDPA code offset reservation. The switching back to CQI triggered simplified HS-SCCH type 1 operation is done by means of sending a HS-SCCH order command with an existing code point, i.e. Stop simplified HS-SCCH type 1 transmission interval order. Thus, three code points remain spare allowing future extension (see section 4.1).
specification impacts
This section depicts the required specification changes for the simplified HS-SCCH type 1 operation using HSDPA code offset reservation.

Physical layer changes 
The signalling related change in TS 25.212 refers to the addition of one code point in the HS-SCCH order command as described above and depicted below.
Changes to HS-SCCH order command (Extract of TS 25.212, clause 4.6C.2.2.5)

Table 14B.3A: Orders for switching the E-DCH TTI for single cell E-DCH and for start/stop a simplified HS-SCCH type 1 transmission interval
	Extended
Order Type
	Order Type
	Order Mapping
	Interpretation

	xeodt,1, xeodt,2
	xodt,1, xodt,2, xodt,3
	xord,1
	xord,2
	xord,3
	

	11
	011
	0
	0
	0
	TTI switch order from 2ms to 10ms

	
	
	0
	0
	1
	TTI switch order from 10ms to 2ms

	
	
	0
	1
	0
	Start simplified HS-SCCH type 1 transmission interval order

	
	
	0
	1
	1
	Stop simplified HS-SCCH type 1 transmission interval order

	
	
	1
	0
	0
	Start simplified HS-SCCH type 1 transmission interval order with HSDPA code offset reservation
Unused (Reserved) for single cell E-DCH

	
	
	1
	0
	1
	Unused (Reserved) for single cell E-DCH

	
	
	1
	1
	0
	Unused (Reserved) for single cell E-DCH

	
	
	1
	1
	1
	Unused (Reserved) for single cell E-DCH



In addition, the procedural description in TS 25.214, clause 6A.1.3.1 needs to be refined to specify the UE behaviour when the UE receives the HS-SCCH order message with the new code point.
1.1 RRC signalling changes in TS 25.331
The RNC indicates the support of the simplified HS-SCCH type 1 operation using HSDPA code offset reservation via RRC signalling at the time when UE enters HSDPA operation. In particular, the RRC message shall contain a new parameter HSDPA code offset sub-group-information of length 6 bits for this purpose, as depicted below. The interpretation of the new parameter is given in Table 1 below. The absence of this parameter indicates that RNC does not support simplified HS-SCCH type 1 operation using HSDPA code offset reservation.

	HSDPA code offset sub-group size 
	Signalled HSDPA code offset sub-group size (2 bits)
	Signalled HSDPA code offset
sub-group ID (4 bits)

	1
	“00” 
	“0000” (sub-group 1) with HSDPA code offset {1}
…
“1110“ (sub-group 15) with HSDPA code offset {15}

	2
	“01” 
	“0000” (sub-group 1) with HSDPA code offsets: {1,2}
“0001” (sub-group 2) with HSDPA code offsets: {3,4}
“0010” (sub-group 3) with HSDPA code offsets: {5,6}
“0011” (sub-group 4) with HSDPA code offsets: {7,8}
“0100” (sub-group 5) with HSDPA code offsets: {9,10}
“0101” (sub-group 6) with HSDPA code offsets: {11,12}
“0110” (sub-group 7) with HSDPA code offsets: {13,14}
“0111” (sub-group 8) with HSDPA code offsets: {15}

	3
	“10”
	“0000” (sub-group 1) with HSDPA code offsets: {1,2,3}
“0001” (sub-group 2) with HSDPA code offsets: {4,5,6}
“0010” (sub-group 3) with HSDPA code offsets: {7,8,9}
“0011” (sub-group 4) with HSDPA code offsets: {10,11,12}
“0100” (sub-group 5) with HSDPA code offsets: {13,14,15}

	4
	“11”
	“0000” (sub-group 1) with HSDPA code offsets: {1,2,3,4}
“0001” (sub-group 2) with HSDPA code offsets: {5,6,7,8}
“0010” (sub-group 3) with HSDPA code offsets: {9,10,11,12}
“0011” (sub-group 4) with HSDPA code offsets: {13,14,15}


Table 1: RRC Signalling providing HSDPA code offset sub-group-information (6 bits).

The above information is optional and included in following RRC signalling messages: Radio Bearer Setup, Radio Bearer Release and Radio Bearer Reconfiguration.
UE capability support
No changes are required for TS 25.306 in that the UE capability support for this feature is combined with the one for simplified HS-SCCH type 1 operation.
performance improvement
As per performance evaluation results, reported for the simplified HS-SCCH type 1 operation in [3], the reduction of valid bit sequences for modulation scheme and CCS in the HS-SCCH Part I message, limiting the HS-SCCH performance, from 256 (8 bits for legacy HS-SCCH) to 15 (see Figure 1 applying for simplified HS-SCCH type 1) is expected to improve the HS-SCCH coverage performance by around 1.3 dB. Further reduction of valid bit sequences from 15 to 2 (in case of 2 reserved HSDPA code offsets for a UE), or to 1 (in case of single reserved HSDPA code offset for a UE) is achieved; by this the code operation is expected to improve the performance versus simplified HS-SCCH type 1 by up to another 1 dB based on extrapolation. 
The gain of 1 dB is confirmed by results reported in [3], which depict a 1 dB difference in Eb/No for HS-SCCH Part I & II (Eb/No=4.5 dB, see Fig. 10.2) and HS-SCCH Part II (Eb/No=3.5 dB, see Fig. 10.1) at the evaluated BLER target of 1%, since for a single reserved HSDPA code offset for a UE for simplified HS-SCCH type 1 operation all 8 bits in the HS-SCCH Part I are pre-known by the UE and hence the resulting BLER performance is only based on HS-SCCH Part II performance (i.e. on carried 13 bits). 
The UE operation is also expected to become simplified, due to the fact, that a lower number of valid sequences needs to be checked.
summary
The sourcing companies propose to agree following specification changes due to the above described concept for enhancing the simplified HS-SCCH type 1 operation:
· stage 2: TS 25.308 (functional description) and 
· stage 3: TS 25.212 (HS-SCCH order encoding), TS 25.214 (activation / deactivation of the new operational mode), TS 25.331 (RRC signalling). 
The corresponding CRs are accompanied to the present meeting. This optional enhancement is expected to further significantly improve the performance of simplified HS-SCCH type 1 operation for UEs at the cell edge.
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Bit positions:

BO...B2 = 000 (Code Group Indicator)
B3..B6= - (Code Offset Indicator)
B7 =0 (Modulation Scheme QPSK)
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