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Simultaneous support of PAN Indication and Polling Indicator

1 Introduction

This paper provides four alternative solutions to simultaneously support the PAN Indication and the Polling Indicator for Fast ACK/NACK Reporting. These include

· A modification to the header, maintaining the total header size, based on, but improving on, a solution proposed at 3GPP TSG-GERAN#33bis

· Three alternative techniques to send PAN Indicator presence via L1 signalling
2 Background
In the GERAN WG#2 meeting in Montreal (GERAN2 #33bis), the various Working Assumptions (WAs) for the Fast ACK/NACK Reporting (FANR) [1] were discussed in a drafting session. 

This contribution addresses three critical Working Assumptions that deal with simultaneous support of Piggybacked ACK/NACK (PAN) and Polling. These three WAs from reference [1] are:
4. In a DL RLC/MAC data block it will be possible to poll the mobile station in order to receive feedback in the UL, and simultaneously include a bitmap to provide feedback in the DL. [Endorsed at GERAN#33]
5. One bit needs to be reserved in the DL/UL RLC/MAC headers to indicate the presence of a fixed size PAN field in an RLC/MAC data block. [Endorsed at GERAN2#33bis]
13. For FANR in the UL, a “network-controlled” scheme will be supported, i.e. the 
      Network can poll for a short ack/nack bitmap. [Endorsed at GERAN#33].
It is also a strongly supported requirement for BTTI (Basic Transmit Time Interval), that the header remains at its current size and that the basic structure be preserved.  Initial study has led the committee to see that there is an obvious problem in the DL direction as the EGPRS Headers do not have any spare bits/fields. One proposed solution [2], introduced a split in the Relative Reserved Block Period (RRBP) field, where instead of the current 2-bit field, the BSS would use only one bit for the RRBP field and one bit for PAN Indicator (PANI). This approach does allow the solution to be achieved in the same header size, but it would mean that the Header Structure is changed and the total number of options for polling are reduced.  With only one bit in the RRBP field the proposal in reference [2] only supports 6 polling options whether PANI is present or not.
This paper introduces several ways of supporting WAs 4 and 5 while maintaining the header size and without actually making major changes to the structure of the EGPRS Header in the DL. 

These solutions are:

· L2/3 solution-Modified format for combined EGPRS Supplementary/Polling (ES/P) field to include PAN indication
· Physical Layer Signalling

· Training Sequence

· Scrambling Code

· Modified CRC

3 Layer 2/3 Proposal-Redefining the ES/P and RRBP Fields
This proposal replaces the EGPRS Supplementary/Polling (ES/P) field (2 bits) and the Relative Reserved Block Period (RRBP) field (2 bits) by a combined 4 bit field that covers all useful combinations.  Whereas the proposal in reference [2] provided for 12 polling options in addition to PAN indicator, this proposal offers the same 12 options plus two (2) more.

3.1 Description
Below we can see the three Header Types for EGPRS DL RLC/MAC Header. 

From Reference [3]:

10.3a.3
EGPRS Downlink RLC/MAC header

10.3a.3.1
Header type 1: header for MCS-7, MCS-8 and MCS-9

The EGPRS combined downlink RLC/MAC header for MCS‑7, MCS‑8 and MCS‑9 (header type 1) is formatted according to figure 10.3a.3.1.1.

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	RRBP
	ES/P
	USF
	1

	BSN1
	PR
	TFI
	2

	BSN1
	3

	BSN2
	BSN1
	4

	CPS
	BSN2
	5


Figure 10.3a.3.1.1: EGPRS downlink RLC data block header
for MCS-7, MCS-8 and MCS-9.

10.3a.3.2
Header type 2: header for MCS-6 and MCS-5 

The EGPRS combined downlink RLC/MAC header for MCS‑5 and MCS‑6 (header type 2) is formatted according to figure 10.3a.3.2.1.

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	RRBP
	ES/P
	USF
	1

	BSN1
	PR
	TFI
	2

	BSN1
	3

	
	CPS
	BSN1
	4


Figure 10.3a.3.2.1: EGPRS downlink RLC data block header
for MCS-5 and MCS-6.

10.3a.3.3
Header type 3: header for MCS-4, MCS-3, MCS-2 and MCS-1 case

The EGPRS combined downlink RLC/MAC header for MCS‑1, MCS‑2, MCS‑3 and MCS‑4 (header type 3) is formatted according to figure 10.3a.3.3.1.

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	RRBP
	ES/P
	USF
	1

	BSN1
	PR
	TFI
	2

	BSN1
	3

	
	SPB
	CPS
	BSN1
	4


Figure 10.3a.3.3.1: EGPRS downlink RLC data block header
for MCS-1, MCS-2, MCS-3 and MCS-4.
Both ES/P and RRBP fields are present in all three Header Types. According to the current specification, the ES/P field and the RRBP field are coded as shown in the tables below.

Table 10.4.4a.1: EGPRS Supplementary/Polling (ES/P) field (non-MBMS only)

	bits
5 4
	ES/P

	0 0
	RRBP field is not valid (no Polling)

	0 1
	RRBP field is valid - Extended Ack/Nack bitmap type FPB

	1 0
	RRBP field is valid - Extended Ack/Nack bitmap type NPB

	1 1
	RRBP field is valid - Ack/Nack bitmap type NPB, measurement report included


Table 10.4.5.1: Relative Reserved Block Period (RRBP) field

	bit
7-6
	Full-rate PDCH uplink block with TDMA frame number
	Half-rate PDCH uplink block with TDMA frame number

	0 0
	(N+13) mod 2715648
	Reserved

	0 1
	(N+17 or N+18) mod 2715648
	(N+17 or N+18) mod 2715648

	1 0
	(N+21 or N+22) mod 2715648
	Reserved

	1 1
	(N+26) mod 2715648
	(N+26) mod 2715648


In accordance with WA 13, the following is imported from [2] (Section 8.1.2.2)

In RL EGPRS TBF mode, whenever the mobile station receives an RLC data block addressed to one of its TBFs and is polled for a PAN (see sub-clause 10.4.4a), the mobile station shall transmit in the uplink block specified by the RRBP field an EGPRS RLC/MAC block for data transfer including a PAN for this TBF whatever the BSN value of the received RLC data block, or if no EGPRS RLC/MAC block for data transfer is waiting for transmission, the mobile station shall act as if polled but not for a PAN. Whenever the mobile station receives an RLC data block addressed to one of its TBFs and is polled but not for a PAN (see sub-clause 10.4.4a), the mobile station shall transmit one of the messages in the uplink radio block specified in sub-clause 10.4.4a., whatever the BSN value of the received RLC data block, according to the decreasing order of priority as defined for (E)GPRS mode.

Reference [2] describes a solution where the RRBP bits are reduced from 2 to 1, and 1 bit is dedicated to PANI. The following table shows the various combinations of the RRBP, PANI and ES/P bits along with their meanings. 
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Please note that there is a small amount of redundancy in the above table. For example, the combinations 0000 & 0100 are used to denote a single meaning “No Polling; No PAN”. Similarly the combinations 1000 & 1100 are used to denote a single meaning “No Polling; PAN”.

By treating the first two bits in the above table TOGETHER as COMBINED PANI & RRBP bits, we can use the two redundant bit combinations to convey additional meanings, with no extra cost. For example, they could be used to specify additional polling scenarios (such as those eliminated in reducing the RRBP bits from 2 to 1) or to demand reporting of CQR (Channel Quality Report) or NPB when there may not be enough space to send both. The table below illustrates the first example.

The net result is that this proposal provides all cases covered by reference [2] plus two additional cases.
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Notes: 
(1) The parameter M can be chosen suitably
(2) A similar table can be defined for RTTI.

3.2 Impact of the solution

This solution offers the following advantages:
1) no impact to the physical layer solution

2) modifications of the header format limited to the two fields 

3) provides all polling options of reference [2] plus two(2) additional options

4 Physical Layer Solutions

For all three solutions, 4.1—4.3, the ES/P table definition from [2]  will be adopted. The RRBP table, however, shall remain unchanged.
Table 9.1.8.2.1.3: Format of ES/P field within each EGPRS RLC block (RL EGPRS)

	ES/P
	Feedback Request (Poll) Description 

	00
	Nothing

	01
	EGPRS PACKET DOWNLINK ACK/NACK message containing FPB (First Partial Bitmap), and if there is enough room left in RLC/MAC block, channel quality report

	10
	EGPRS RLC/MAC block for data transfer with PAN containing FPB (see Note)

	11
	EGPRS PACKET DOWNLINK ACK/NACK message containing Channel Quality Report and if there is enough room left in RLC/MAC block, NPB

	NOTE:
The mobile station shall interpret the ES/P field value ‘10’ as value ‘01’ when there is no RLC/MAC block for data transfer waiting for transmission i.e. the mobile station is unable to transmit a PAN, see subclause 8.1.2.2.


4.1 Training Sequences 

Here the Training Sequence is used to indicate PANI bit. Recall that current GERAN uses 8 Training Sequences. One of these sequences is used for communication between the MS and the network. 

We propose to start with 8 Training Sequence-Groups, with each Group having 2 sequences. As in legacy systems, one (or more) TSG is used in a cell for all communications. PANI is indicated by using one or the other of the 2 sequences in that TSG.
4.2 Scrambling Code for the header

There is no change to the contents of the header.  The means of identifying that PAN is present is to use a unique scrambling code which overlays the raw bits.  It is added as follows:

The legacy version of the header is created and FEC encoded exactly as currently specified.  

In the event that no PAN is present, the transmission function continues as is currently done. 

In the event that the PAN is present the raw bits representing the FEC-encoded header are modulo 2 added to a pre-specified scrambling sequence of the same length. This scrambling sequence will be unique and known to both Base Station System and Mobile. It can be created in a number of ways, selected in accordance with the criterion that the distance between this sequence and the all ”zero” sequence is maximized.

On receiving the transmission the Mobile Station assembles the raw bits associated with the header and processes in accordance with the current techniques.  If this sequence is rejected due to having too many raw bit errors, then the MS performs the PAN detection as follows:

The MS performs modulo 2 addition of the scrambling sequence with the raw bits representing the header and feeds these through the FEC decoding process.  If the FEC decoding process is successful, the MS can conclude that the PAN is present.

4.3 Modified Header Check Sequence (HCS)

There is no change to the contents of the header.  The means of identifying that PAN is present is to modify the HCS that is used for error detection for the Header.  It is added as follows:

The legacy version of the header is created, including generation of the 8  bit HCS.  If there is no PAN indicator, then the header, including the FEC, is encoded exactly as currently specified.  

In the event that the PAN is present the HCS is modified by modulo 2 addition to a known sequence.  There are many alternatives, all with the same performance impact.  As an illustration, use the sequence, 11111111.  In other words, the HCS bits are inverted. 

On receiving the transmission the MS performs normal processing.  If the header is received error free (passes HCS) then assume that no PAN is present.  If the header fails the HCS, then try the modified HCS.  If this passes, then assume that the header is correct and the PAN indicator is TRUE. 
5 Summary 
We have suggested four candidate solutions to support Simultaneous operation of PAN Indication and Polling Indicator.
The pros and cons of these techniques are summarized in the table below:
	
	Pros
	Cons

	Redefining the ES/P and RRBP Fields
	· No L1 impact

· Minimal change to header format

· Provides more polling options together with PAN Indication than reference[2]
	· While providing more options than reference [2],  it offers fewer choices than the current release

	Training Sequences
	· No L23 impact

· Header unchanged

· Full L23 capability, consistent with current release
	· Impact on Training Sequence detection performance and on processing load

· Training Sequence Management required by network

	Scrambling Code for the header
	· No L23 impact

· Header unchanged

· Full L23 capability, consistent with current release 

· No performance impact
	· Increased processing required for case with PANI present

	Modified HCS
	· No L23 impact

· Header unchanged

· Full L23 capability, consistent with current release 

· No performance impact
	· Probability of Header error detection increase by factor of 2


We suggest that the pros and cons be discussed and, based on the relative priorities, one of the proposals, to indicate the existence of the PAN field, as outlined in Section 2, is used as the basis for further CRs to stage 2 and stage 3 specifications with regard to introducing FANR. 

6 Recommendation

We recommend that one of these four options be selected for PAN Indication, based on discussion of the relative benefits and implementation complexity.

Then all required CRs will be generated.
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