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1. Introduction

In Rel-17, RAN1 has performed a study on XR evaluations for NR, and the evaluation results are captured in TR 38.838 [1]. In RAN#94e meeting, a new SID “Study on XR Enhancements for XR” for NR Rel-18 was approved [2]. The objectives for the new SID are excerpted as follows:
	The study is to be based on Release 17 TR 38.838, on corresponding Release 17 work from SA4 (as per SP-210043) and on Release 18 work from SA2 (as per SP-211166). 

Objectives on XR-awareness in RAN (RAN2):

· Study and identify the XR traffic (both UL and DL) characteristics, QoS metrics, and application layer attributes beneficial for the gNB to be aware of.

· Study how the above information aids XR-specific traffic handling.

Objectives on XR-specific Power Saving (RAN1, RAN2):

· Study XR specific power saving techniques to accommodate XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc...). Focus is on the following techniques:

· C-DRX enhancement.

· PDCCH monitoring enhancement.

Objectives on XR-specific capacity improvements (RAN1, RAN2):

· Study mechanisms that provide more efficient resource allocation and scheduling for XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc…). Focus is on the following mechanisms:

· SPS and CG enhancements;

· Dynamic scheduling/grant enhancements.


In this contribution, we will focus on the second objective of the SID, i.e. XR-specific power saving. Since in RAN1 #109e meeting, they have started their Rel-18 discussion on XR. For XR specific power saving, RAN1 has identified a group of issues to be further studied, and each marked with a priority. In the following sections, we will first have a quick review on RAN1’s progress on XR-specific power saving. Then we will analyse the impacts of main XR traffic characteristics on power saving, to identify high priority issues needed to be resolved from RAN2’s perspective. And we propose potential techniques to resolve the impacts. In the last part, we will focus on the SA2 LS [3] on UE power saving for XR. Since RAN1 has already replied their answer to the LS, we will provide our RAN2’s answer to the question on top of RAN1’s reply.
2. RAN1’s progress on XR-specific power saving
In this section, we will review RAN1’s progress on XR-specific power saving in RAN1#109e meeting. Considering our proposal 1, we will focus on C-DRX enhancements discussed by RAN1.

The agreements made by RAN1 on C-DRX enhancements in May meeting are excerpted as follows:

	Agreement:

For power saving study of Rel-18 XR SI, CDRX enhancements to evaluate in this study item are to be selected from the following:

· High priority Issue 1-1: Alignment between CDRX and XR traffic for resolving the mismatch between CDRX cycle and XR traffic periodicity for each flow

· High priority Issue 1-2: C-DRX enhancements to handle jitter

· Medium priority Issue 1-3: CDRX enhancements for multiple XR traffic flows [Note 2]

· Low priority Issue 1-4: CDRX enhancements to adjust to variable burst sizes and frame rate

· Note: Some companies think the adjustment for variable burst sizes can be realized by existing spec already
· Low priority Issue 1-5: low latency handling 

· Low priority Issue 1-6: SFN wraparound mismatch (if handled in RAN1)

FFS: how the solutions or the combination of the solutions can handle all the identified issues.
Note 1: Other considerations are not precluded

Note 2: It can also be adopted for addressing issue 1-1
Note 3: Companies are encouraged to clarify or provide more details of the proposed solutions, for addressing concerns from the group.

Additional details can be found in R1-2205411.

Agreement:

For Rel-18 XR power saving enhancements, RAN1 further discusses by RAN1 #110 whether the issues below are to be addressed, and if so, which solutions should be selected for evaluation in this study item. These issues are low priority.

· Issue 3-1: Misaligned UE transmission and reception. 

· Issue 3-2: Power saving by XR-aware scheduling.

· Note 1b: XR SI objective has XR-awareness in RAN listed as a specific topic of RAN2 study

· Issue 3-3: Unnecessary data transmission in allocated resources. 

Note 1: Rel-18 XR SI objective only has CDRX enhancements and PDCCH monitoring enhancements explicitly listed as focus of RAN1 study

Note 2: Other considerations are not precluded


RAN1 has listed 6 main issues related with C-DRX enhancements, and each issue has been marked with a priority.

3. General
According to the objective, XR-specific power saving will focus on C-DRX enhancement as well as PDCCH monitoring enhancements. The leading working groups include both RAN1 and RAN2. PDCCH monitoring related schemes for power saving introduced in Rel-16 and Rel-17 are mainly researched and evaluated in RAN1, e.g. PDCCH-based wake up signalling designed in Rel-16 power saving topic, and PDCCH monitoring adaptation including PDCCH skipping mechanism and SSSG (Search space set group) switching mechanism designed in Rel-17 power saving enhancements. On the other hand, RAN2 has more experience on C-DRX design and DRX mechanism is described in MAC specifications maintained by RAN2.
Based on above consideration, we propose that during the SI phase for Rel-18 XR, RAN2’s study shall focus on C-DRX enhancements. RAN2’s work on PDCCH monitoring enhancements shall be based on RAN1’s progress and way forwards.
Observation1: RAN1 has more expertise on PDCCH monitoring related techniques.
Proposal1: During the SI phase for Rel-18 XR, RAN2’s study shall focus on C-DRX enhancements.
4. Impacts of XR traffic characteristics on C-DRX
According to the objective for XR-specific power saving, XR specific power saving techniques shall consider XR service characteristics evaluated by RAN1 in Rel-17, e.g. periodicity, multiple flows, jitter, various burst size, latency, and reliability, etc. We will analyse the potential impacts of these main XR traffic characteristics on power saving in this chapter.
4.1 Non-integer periodicity
XR traffic arrives according to the frame rate of the service, e.g. 60fps, 90fps, or even 120fps, which results in non-integer periodicity of XR traffic, e.g. 1/60s, 1/90s and 1/120s. However, DRX scheme can only support several discrete and integer cycles as shown in the annex section. This will result in frequent mismatch between XR traffic arrival and DRX on duration over time, as shown in the following Fig.1. When mismatch happens, if the network schedules the traffic when the UE enters DRX active time later again, it will incur significant latency for the traffic. For example, for VR DL stream, the traffic periodicity is about 16.67 ms while the PDB is 10ms as shown in [1]. For such service, it is not suitable to delay the scheduling to the next DRX cycle at all. In order to guarantee the PDB requirement, the network will have to send some data, e.g. a MAC CE or padding, to the UE to extend UE’s DRX active time when the drx-onDurationTimer is going to expire while no traffic arrives. However, it will cause additional power consumption to the UE. 
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Fig.1 Mismatch between XR traffic and DRX OnDuration or Search Space duration
This mismatch issue has already been marked as high priority issue 1-1 by RAN1. From RAN2’s perspective, we think the impacts of non-integer periodicity shall be further studied and resolved.
Proposal2: RAN2 to resolve the impacts of non-integrity periodicity on C-DRX mechanism in SI phase.
Actually, similar issues were discussed in Rel-16 IIoT topic for CG/SPS enhancements, i.e. mismatch between CG/SPS occasions and traffic arrivals due to non-integer traffic periodicity. The final solution is to introduce new CG/SPS periodicities with finer granularity, and to enable multiple active CG/SPS configurations in the same BWP. To address the non-integer periodicity issue, in the last RAN1 meeting, multiple potential solutions have been proposed by companies as shown in the RAN1’s feature moderator summary [4], e.g. multiple active CDRX configurations, non-integer DRX cycle, adjusting the start offset of DRX OnDuration: 

· Non-Integer DRX cycle: For new DRX cycles, one thought is to introduce DRX cycles equal to XR traffic periodicities, which are non-integer DRX cycles. But non-integer DRX cycles are not essential. In fact, in Rel-16 IIoT, we have not introduced any non-integer CG/SPS periodicities. Besides, the time length currently used in NR RRC are all integer number of symbols. Introducing non-integer DRX cycles may bring difficulties and unexpected risks for both the UE implementation and the network implementation, which shall be avoided.

· Multiple DRX configs: Similar solutions as Rel-16 IIOT can be considered, e.g. new DRX cycles with multiple DRX configurations used at the same time. In order to match DRX cycle and XR traffic, we can introduce new DRX cycles which can be divided by XR traffic periodicities. As illustrated in the following Fig.3, considering an XR traffic with 60fps, the periodicity is 50/3ms. We can use 3 DRX configurations, each with the same DRX cycle 50ms. The drx-StartOffsets of the 3 DRX configurations are different, e.g. 0ms, 17ms, 34ms. As shown in Fig.3, the DRX ON durations and XR traffic arrival can be well matched
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Fig.2 Match between DRX and XR traffic with multiple DRX configurations
Nevertheless, in RAN1’s August meeting, they will further discuss and compare potential enhancements on the table for non-integer periodicity issue based on evaluation results. In order to avoid duplicated discussion for solutions in RAN1 and RAN2, we suggest RAN2 to wait for RAN1’s progress based on evaluation results in August meeting, and then discuss and evaluate potential solutions considering aspects such as signalling overhead, specification/implementation complexity and forward compatibility, if the solutions have similar power saving effects.

Proposal3: RAN2 can wait for RAN1’s progress for non-integer periodicity issue in August meeting, and evaluate potential solutions considering aspects such as signalling overhead, specification/implementation complexity and forward compatibility afterwards, if the solutions have similar power saving effects.
4.2 SFN wrap around

We think among the issues identified by RAN1, the sixth one shall be paid special attention by RAN2. Specifically, when DRX cycle cannot divide 10240ms, there exists mismatch between DRX cycle and traffic arrival when SFN wraps around. Even though the issue is finally marked with low priority in RAN1, we think the issue is valid and shall be studied in RAN2. We will discuss the issue in details in the following section.

Observation2: SFN wraparound mismatch is more related with RAN2
We noticed that similar issue has already been discussed thoroughly in Rel-16 IIoT for CG type 1, with a similar reason that CG periodicity could have a value which is non-divisor of 10240ms. For C-DRX enhancements, if the DRX cycle is a non-divisor of 10240ms, then there exists SFN wraparound mismatch.

Observation3: SFN wraparound mismatch will emerge when DRX periodicities which are non-divisors of 10240ms are introduced. 
Since similar problem has been discussed and resolved for CG type 1 in Rel-16, we think similar designs can be used for reference.
Proposal4: RAN2 to study solutions to resolve SFN wraparound mismatch. Solutions designed for Rel-16 CG enhancements can be reused.
4.3 Jitter
As evaluated by RAN1 in Rel-17, each XR video traffic may experience different encoding/rendering delay and network transmission delay, such that the arrival of XR traffic is not exactly periodic. As assumed in [1], the arrival jitter follows truncated Gaussian distribution with truncated range [-4, 4] ms. In order to meet the low-latency requirement of XR services, the UE may need to keep monitoring the PDCCH occasions during the jitter range in order to be scheduled in time, which causes extra power consumption. The impact of jitter needs to be further studied in RAN2. 
Proposal5: RAN2 to study how to resolve the impacts of jitter on C-DRX enhancements in SI phase.
In RAN1’s evaluation, they assume jitter for each video frame is independent and unpredictable. However, the source of jitter may vary, e.g. it may be caused by coding delay or link congestion. The jitter caused by coding delay may be random for each video frame, but the jitter caused by link congestion may not. Since the congestion caused by bursts of traffic in the transmission link may exist for a period of time, e.g. hundreds of milliseconds. The link congestion may result in delayed arrival of several video frames. The detailed features of jitter may affect the design of power techniques to resolve the jitter issue. We propose RAN2 to study the potential sources of jitter, and to further clarify whether arrival jitter for each XR frame is completely independent or rather affects consecutive packets similarly, e.g. several consecutive frames experience similar jitter in case of link congestion.
Proposal6: RAN2 to study the sources of jitter, and to clarify whether arrival jitter for each XR frame is completely independent or rather affects consecutive packets similarly, e.g. several consecutive frames experience similar jitter in case of link congestion.
Due to jitter, the XR traffic may have early or late data arrival. Generally, to meet the low-latency requirement, the UE may need to keep monitoring the PDCCH during the jitter range in order to be scheduled in time. For example, the length of C-DRX On Duration needs to be large enough to cover the whole or most parts of the jitter range, which results in extra power consumption.
To avoid increasing the UE power consumption too much, mechanisms to allow skipping unnecessary PDCCH monitoring within jitter range can be further studied. Generally, there is no need to monitor every slot during the jitter range. As shown in Fig.4 below, according to Rel-17 XR study[1], jitter follows truncated Gaussian distribution with the range of [-4, 4] ms. Such information can be considered to reduce the monitoring occasions, e.g., to consider jitter distribution in the monitoring duration.
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Fig.3 Jitter distribution
RAN1 is also focusing on C-DRX enhancements to handle jitter issue, and multiple solutions for jitter handling have been proposed by companies as in [4]. We suggest that RAN2 tightly collaborates with RAN1 on this aspect. RAN2 can wait for RAN1’s progress based on evaluation results in August meeting, and then discuss and evaluate potential solutions considering the aspects such as signalling overhead, spec impact and forward compatibility, if the solutions have similar power saving effects.
Proposal7: RAN2 can wait for RAN1’s progress for jitter issue in August meeting, and evaluate potential solutions considering aspects such as signalling overhead, specification/implementation complexity and forward compatibility afterwards, if the solutions have similar power saving effects.
4.4 UL and DL XR traffic
In addition to the traffic characteristics analysed above, we can find that an XR service involves both downlink and uplink traffic. For VR/CG service, the downlink traffic arrives according to the frame rate, e.g. 60fps. While the uplink traffic, e.g. uplink pose or control traffic, may arrive with different periodicity, and may have some different traffic characteristics. As shown in the Table 5.2-1 of [1], we can find UL XR pose/control traffic has fixed periodicity with no jitter, small and fixed packet size, PDB larger than periodicity.

	Table 5.2-1: Statistical parameters for the UL pose/control traffic

Parameters

unit

Baseline values for evaluation

Optional value for evaluation

Periodicity

ms

4

Other values can be optionally evaluated.

Jitter

ms

No jitter

Packet size 

byte

100

PDB

ms

10

Packet Success Rate X

%

99

90, 95




Actually, CG configuration is suitable for such uplink traffic. As we know, according to the current DRX mechanism, each time when the UE performs a CG transmission, the UE starts the drx-HARQ-RTT-TimerUL associated with the HARQ process, and the UE starts the drx-RetransmissionTimerUL when the drx-HARQ-RTT-TimerUL expires. The UE will be in DRX active time when drx-RetransmissionTimerUL is running. 

For downlink traffic transmission, the UE will be in DRX active time due to drx-onDurationTimer or drx-InactivityTimer is running, in order to monitor PDCCH occasions. When considering both downlink and uplink XR traffic, the UE will have to be in DRX active most of the time, due to running drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerUL, as illustrated in the following Fig.2. The drx-RetransmissionTimerUL will be started more frequently, e.g. once per 4ms.
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Fig.4 UE’s DRX state when considering both DL and UL XR traffic
Since almost all XR services include both downlink and uplink traffic, and traffic in different directions has different traffic characteristics, the UE may have to be active most of the time if no enhancements are considered. We suggest RAN2 to study methods to improve power saving effects for coexistence of uplink and downlink XR traffic,
Observation4: Considering almost all XR services include both downlink and uplink traffic, and traffic in different directions has different characteristics, the UE have to be active most of the time.
Proposal8: RAN2 to study methods to improve power saving effects for coexistence of uplink and downlink XR traffic.
4.5 Multiple flows
As identified in RAN1 Rel-17 study, there can be multiple data streams with different traffic characteristics and QoS requirements in both DL and UL for a given XR application, for example, I-frame and P-frame, FOV stream and omnidirectional stream, video/depth and pose/control, video stream and audio stream [1]. Similar to a single-flow case, the non-integer periodicity issue and the jitter issue may also exist for multiple flows. At the current stage, we do not see any specific power saving issue for multiple flows. We can focus on handling the power saving issues for single-flow case, but it is preferred if the solution for single-flow case can also be applied for multiple flows.
Observation5: RAN can focus on handling the power saving issues for single-flow case, but it is preferred if the solution for single-flow case can also be applied for multiple flows.
4.6 Variable burst size, latency and reliability
As elaborated in [1], XR video frame size is modelled as a random variable following truncated Gaussian distribution. Thus, the size of the burst arriving in each DRX cycle may vary. However, in the current DRX mechanism, each time when the network schedules a new transmission, the UE will start/restart its drx-InactivityTimer which will extend the UE’s DRX active time. Thus, the network can keep the UE active for an extended time to monitor additional PDCCH occasions, in case additional grant/assignment is needed. Therefore, we see no specific issues to account for variable burst size, which is consistent with RAN1 evaluation as RAN1 also marked variable burst size issue as low priority.
Compared with eMBB, XR services have even more stringent latency requirements. However, the main reason for latency for XR services is mismatch between DRX cycle and XR traffic due to non-integer periodicity and jitter, as discussed above. If both these issues are addressed, then the latency requirement is automatically considered as well. 
DRX is to achieve a balance between latency and power consumption. When it comes to reliability, it is achieved by utilizing proper radio bearer configurations and scheduling policy and there is no relation to power saving. 
5. Discussion on SA2 LS
SA2 has also approved a new SID on Study on architecture enhancement for XR and media services [3]. They are also studying enhancements to power saving for XR services, i.e., key issue #8 and #9 captured in [4]. In key issue #8, it will study which information is beneficial for RAN to enhance power management (i.e. CDRX). SA2 has sent a LS to RAN1 and RAN2, to ask which type of information will be useful for the RAN for power saving for XR applications. In the last RAN1 meeting, they have already replied the LS and provided their answer to SA2’s question. The main part of the RAN1’s reply LS is excerpted as follows [5]:
	RAN1’s understanding is that RAN2 will also discuss the XR-awareness and decide what information from core network to RAN is helpful for XR-specific traffic handling. This reply LS is only from RAN1 perspective, and RAN1 expects SA2 to take into account response from both RAN1 and RAN2. In context of SA2 LS, RAN1 discussed what type of information from the core network to RAN could be helpful for the enhancement of XR-specific UE power management, if feasible, and identified following possible candidates for each XR application flow:

· PDU set periodicity and start time of the first PDU of a PDU set: this can be helpful for e.g., configuring the periodicity and start time of CDRX or PDCCH monitoring to match with traffic period.

· PDU set end indication or indication of the last PDU in a PDU set: this can be helpful for gNB, e.g., to indicate the UE to dynamically skip PDCCH monitoring once the last PDU of the PDU set is delivered.

· PDU set level QoS parameters including priority and [air interface] delay budget of a PDU set: this can help the gNB to select suitable CDRX parameters (e.g., periodicities) that enable fulfilling the delay requirements for a given flow. It also helps with UE power saving, e.g., by reducing retransmission or by early dropping of a PDU that exceeds the delay deadline. Additionally, it can also be helpful for efficient radio resource management by gNB for capacity improvement.

· PDU set size (number of bits) or number of PDUs in a PDU set: RAN1’s understanding is that in comparison to the statistical information, real-time or dynamic information provided to gNB, if possible, can help scheduler make more efficient scheduling decision to enable UE power saving. 

· PDU set identity and relationship information among PDUs within the same PDU set: gNB can use this information for early PDU dropping as mentioned above.

· Jitter information such as the range of the jitter (minimum and maximum value): Here jitter refers to packet arrival time variation at gNB for DL direction. gNB could use this information to configure parameters of UE power saving schemes, e.g., CDRX OnDuration and Active Time or PDCCH monitoring duration for handling of the jitter.


It shall be noted that the information is useful not only for power saving enhancements, but also for scheduling and capacity improvements. We think we can emphasise this in RAN2’s reply LS to SA2.

Proposal9: In RAN2’s reply LS to SA2, emphasize the information provided by RAN1 and RAN2 is not only useful for power saving enhancements, but also for scheduling and capacity improvements. 

As we elaborated in our companion paper [6], in order to enable PDU set integrity handling and differentiated PDU set handling at RAN to improve XR experience, some assistance information is beneficial for RAN in additional to the information pointed out by RAN1, e.g. PSDB, PSER, and importance/priority information of a PDU set.
Besides, considering an XR service involves both downlink traffic and uplink traffic, we think it would be beneficial if SA2 can provide direction information of the traffic stream as well, similarly as in the case of TSCAI.
Besides, SA2 has provided the following definition of ‘Data Burst’ [4]:
	Data Burst: A set of datamultiple PDUs generated and sent by the application in a short period of time.

NOTE: A Data Burst It can be composed by one or multiple PDU Sets.


A Data Burst can consist of multiple PDU sets. In such case, the end indication of the Data Burst is much more useful than the PDU set end indication. When the network receives a packet with end indication of the Data Burst, the network can be sure that no packets will arrive within this data cycle. The network can send the UE to DRX sleep state after the transmission of such packet as soon as possible, to reduce UE’s power consumption.

Based on above consideration, we propose:
Proposal10: In addition to the information provided in RAN1’s reply LS, the following information is also useful from RAN2’s perspective:
· PSDB and PSER;

· Importance/priority information of a PDU set;

· Direction for static/semi-static information, e.g. PDU set periodicity and start time of the first PDU of a PDU set, jitter information, etc.
· End indication of a Data Burst.
6. Conclusion

In this contribution, we have made analysis on XR-specific handling at RAN, and shared our views. The following observations and proposals were made:
Observation1: RAN1 has more expertise on PDCCH monitoring related techniques.
Observation2: SFN wraparound mismatch is more related with RAN2
Observation3: SFN wraparound mismatch will emerge when DRX periodicities which are non-divisors of 10240ms are introduced. 

Observation4: Considering almost all XR services include both downlink and uplink traffic, and traffic in different directions has different characteristics, the UE have to be active most of the time.
Observation5: RAN can focus on handling the power saving issues for single-flow case, but it is preferred if the solution for single-flow case can also be applied for multiple flows.
Proposal1: During the SI phase for Rel-18 XR, RAN2’s study shall focus on C-DRX enhancements.
Proposal2: RAN2 to resolve the impacts of non-integrity periodicity on C-DRX enhancements in SI phase.
Proposal3: RAN2 can wait for RAN1’s progress for non-integer periodicity issue in August meeting, and evaluate potential solutions considering aspects such as signalling overhead, specification/implementation complexity and forward compatibility afterwards, if the solutions have similar power saving effects.
Proposal4: RAN2 to study solutions to resolve SFN wraparound mismatch. Solutions designed for Rel-16 CG enhancements can be reused.
Proposal5: RAN2 to study how to resolve the impacts of jitter on C-DRX enhancements in SI phase.
Proposal6: RAN2 to study the sources of jitter, and to clarify whether arrival jitter for each XR frame is completely independent or rather affects consecutive packets similarly, e.g. several consecutive frames experience similar jitter in case of link congestion.
Proposal7: RAN2 can wait for RAN1’s progress for jitter issue in August meeting, and evaluate potential solutions considering aspects such as signalling overhead, specification/implementation complexity and forward compatibility afterwards, if the solutions have similar power saving effects.
Proposal8: RAN2 to study methods to improve power saving effects for coexistence of uplink and downlink XR traffic.
Proposal9: In RAN2’s reply LS to SA2, emphasize the information provided by RAN1 and RAN2 is not only useful for power saving enhancements, but also for scheduling and capacity improvements. 

Proposal10: In addition to the information provided in RAN1’s reply LS, the following information is also useful from RAN2’s perspective:
· PSDB and PSER;

· Importance/priority information of a PDU set;

· Direction for static/semi-static information, e.g. PDU set periodicity and start time of the first PDU of a PDU set, jitter information, etc.

· End indication of a Data Burst.
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8. Annex: DRX cycles supported by NR
    drx-LongCycleStartOffset            CHOICE {

        ms10                                INTEGER(0..9),

        ms20                                INTEGER(0..19),

        ms32                                INTEGER(0..31),

        ms40                                INTEGER(0..39),

        ms60                                INTEGER(0..59),

        ms64                                INTEGER(0..63),

        ms70                                INTEGER(0..69),

        ms80                                INTEGER(0..79),

        ms128                               INTEGER(0..127),

        ms160                               INTEGER(0..159),

        ms256                               INTEGER(0..255),

        ms320                               INTEGER(0..319),

        ms512                               INTEGER(0..511),

        ms640                               INTEGER(0..639),

        ms1024                              INTEGER(0..1023),

        ms1280                              INTEGER(0..1279),

        ms2048                              INTEGER(0..2047),

        ms2560                              INTEGER(0..2559),

        ms5120                              INTEGER(0..5119),

        ms10240                             INTEGER(0..10239)

    },

    shortDRX                            SEQUENCE {

        drx-ShortCycle                      ENUMERATED  {

                                                ms2, ms3, ms4, ms5, ms6, ms7, ms8, ms10, ms14, ms16, ms20, ms30, ms32,

                                                ms35, ms40, ms64, ms80, ms128, ms160, ms256, ms320, ms512, ms640, spare9,

                                                spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1 },

