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[bookmark: _GoBack]Introduction
This paper discusses the benefits of inclusion PHR in Msg3 during the RA procedure. The discussions are focused on the use case that the RA is triggered for handover and SCG addition in EN-DC scenario. An in-depth analysis reveals serious flaws in the current PHR design which must be corrected. However, the solutions to the flaws are quite simple and can be implemented in Rel-15.
[bookmark: _Ref178064866]Discussion
Benefits of PHR in msg3
For efficient operation it is important that the network is informed of the power headroom of the UE. This information is used by the network for the uplink link adaptation. When the UE connects to a cell, the earlier the power headroom can be provided the better, so ideally a PHR is included in Msg3. In more details, with a PHR in Msg3, the network can assess the power situation earlier, the uplink link adaptation for the next scheduled message on PUSCH after Msg3 can be done accordingly to improve the transmission for it. Additionally, with reciprocity, the network is able to estimate the downlink pathloss and based on further link adaptation improve transmission for the next scheduled message on PDSCH after Msg3. 
1. [bookmark: _Toc513067761][bookmark: _Toc513111467][bookmark: _Toc513111526][bookmark: _Toc513464468][bookmark: _Toc513486000][bookmark: _Toc513630019][bookmark: _Toc513655124]The inclusion of a PHR in Msg3 during RA is beneficial for the following reasons:
1) [bookmark: _Toc513067762][bookmark: _Toc513111468][bookmark: _Toc513111527][bookmark: _Toc513464469][bookmark: _Toc513486001][bookmark: _Toc513630020][bookmark: _Toc513655125]The network can improve link adaptation for the transmission of the next scheduled message on PUSCH after Msg3 
2) [bookmark: _Toc513067763][bookmark: _Toc513111469][bookmark: _Toc513111528][bookmark: _Toc513464470][bookmark: _Toc513486002][bookmark: _Toc513630021][bookmark: _Toc513655126]With reciprocity, the network can estimate the downlink pathloss and improve link adaptation for the transmission of the next scheduled message on PDSCH after Msg3
3) [bookmark: _Toc513067764][bookmark: _Toc513111470][bookmark: _Toc513111529][bookmark: _Toc513464471][bookmark: _Toc513486003][bookmark: _Toc513630022][bookmark: _Toc513655127]Together with the inclusion of a BSR, the resource allocation for UP data is prepared at an early stage
Analysis
In this section we intend to analyse which scenarios use a random access procedure and if a PHR is included or can be added. The inclusion of a PHR in msg3 also depends on the size of msg3 and we analyse the necessary size of msg3 for PHR to be included.
Use cases for PHR in Msg3
We focus on the following three cases when the UE performs random access to investigate whether a PHR is included or can be added.
1.	RRC connection establishment or Re-establishment
2.	RRC Resume
3.	Handover and SCG addition
Case 1 – Connection Establishment or Re-establishment
In this case, the UE starts the RA procedure when the UE is in the RRC idle state. This implies the UE doesn’t have a PHR configuration as the default MAC configuration is used. Assuming a default MAC configuration for NR which is similar to the one for LTE, the UE will not have a PHR configuration. Therefore, in this case, there will be no triggered PHR at the time of msg3 transmission, if the existing PHR triggers are considered. To include a PHR in msg3 in this case, the PHR procedure must be updated, e.g. to add a new trigger. 
1. [bookmark: _Toc513464472][bookmark: _Toc513486004][bookmark: _Toc513630023][bookmark: _Toc513655128]An additional PHR trigger event must be defined for the purpose of inclusion of a PHR in Msg3 for an RA procedure triggered for RRC connection establishment/re-establishment.
Case 2 – Resume
In this case, when the UE suspends its RRC connection, the UE stores the UE AS context and the resumeIdentity, and transitions to Inactive state. All DRBs are suspended. Assuming a similar procedure as in LTE, the UE will use the default MAC configuration during the Resume procedure when transmitting msg3. Same as in case 1, an additional special trigger event must be added accordingly to include a PHR in msg3. The PHR procedure must be updated to capture this additional trigger event. 
1. [bookmark: _Toc513464473][bookmark: _Toc513486005][bookmark: _Toc513630024][bookmark: _Toc513655129]An additional PHR trigger event must be defined for the purpose of inclusion of a PHR in Msg3 for an RA procedure triggered for RRC connection resume.
Case 3 – Handover and SCG Addition
Case 3 differs from the previous two cases as the UE is in connected mode which implies that there is a PHR configuration. Given the current PHR triggers, there will be a PHR triggered for SCG addition, and it is not unlikely that the handover will also trigger a PHR. Additionally, there is no RRC message to include in msg3 which means there is more MAC can do to impact the content of msg3. In the first two cases a typical scenario could be that not much more than the RRC message will fit in msg3. 
1. [bookmark: _Toc513486006][bookmark: _Toc513630025][bookmark: _Toc513464474][bookmark: _Toc513655130]For the purpose of inclusion of a PHR in Msg3 for an RA procedure triggered by SCG addition, no additional PHR trigger event is necessary.
1. [bookmark: _Toc513486007][bookmark: _Toc513630026][bookmark: _Toc513655131]For the purpose of inclusion of a PHR in Msg3 for an RA procedure triggered by handover, an additional PHR trigger is not likely necessary.
Summary of the use cases
We illustrate the above findings in a table.
Table 1. Impact on existing PHR trigger and format due to inclusion of a PHR in Msg3
	Use cases
	PHR included in msg3 with current functionality?
	Update of the PHR procedure in MAC spec

	Connection establishment / re-establishment
	No
	Yes

	RRC resume
	No
	Yes

	Handover
	Most often
	Yes

	SCG Addition
	Yes
	No



Ideally, new PHR triggers should be considered for the first two cases, but there is not much time left in Rel-15. Additionally, the size of the grant and the inclusion of RRC messages in these two cases gives little room for including a PHR anyway. Instead we select case 3 for further analysis. 
In-depth analysis of case 3
In this use case there will be a triggered PHR awaiting transmission. In this section we will investigate how big grant the network must provide for the that PHR to be included in msg3. There are several factors which affect this. We will focus on the SCG addition scenario, i.e. when the NR leg is added to the LTE MCG. For the purpose of this discussion we assume the UE is configured with one LTE cell (PCell) and one NR cell (PSCell).
In the current MAC spec, the parameter multiplePHR configures whether a Single Entry PHR MAC CE or a Multiple Entry PHR MAC CE should be used. We will consider both cases.
A Single Entry PHR MAC CE is 3 bytes, 1 byte MAC subheader and 2 bytes MAC CE. It is important to note that the Single Entry PHR MAC CE reports the PH for the PCell and not the SpCell. We will later see the impact of this.


Figure 1 – Single Entry PHR MAC CE
The size of the Multiple Entry MAC CE varies. In our setup we assume it is in total 8 bytes. 2 bytes MAC subheader and 6 bytes MAC CE consisting of
-	Bitmap
-	PH (Type 2, PCell)
-	Pcmax for PCell
-	PH (Type 1, PCell)
-	PH (Type 1, PSCell)
-	Pcmax for PSCell
It should be noted that there are several ways to configure PHR. Considering that RAN1 clarified that Type 2 is not supported on the PSCell, but supported on the PCell, we think this PHR content is not unlikely. Several contributions to RAN2#101bis sought to clarify the PHR contents also [4][5].
1. [bookmark: _Toc513464476][bookmark: _Toc513486010][bookmark: _Toc513630027][bookmark: _Toc513655132]Single Entry PHR MAC CE uses 3 bytes, while a Multiple Entry PHR MAC CE requires at least 8 bytes.
The BSR has higher priority than the PHR, i.e. it is added to the MAC PDU before the PHR is added. When performing SCG addition it is safe to assume that a regular BSR has been triggered and that at least one LCG has data to transmit. If only one LCG has data to transmit there will be a short BSR, in total 2 bytes. If two LCGs have data to transmit, then a Long BSR of 5 bytes will be required.
In summary, we will investigate the minimum size of the grant for msg3 to include a PHR in the following circumstances:
A.	multiplePHR is configured, Long BSR triggered
B.	multiplePHR is configured, Short BSR triggered
C.	multiplePHR not configured, Long BSR triggered
D.	multiplePHR not configured, Short BSR triggered
Minimum size of the grant for msg3 to include a PHR
All values include subheader, unless explicitly stated.
Table 2. MAC PDU contents of msg3 in the various cases given different grant sizes.
	UL grant (bytes)
	MAC PDU contents
	Comments

	
	Case A
	Case B
	Case C
	Case D
	

	7
	3 bytes C-RNTI
4 bytes padding

	3 bytes C-RNTI
2 bytes Short BSR
2 bytes padding
	3 bytes C-RNTI
3 bytes Single-Entry PHR
1 byte padding
	3 bytes C-RNTI
2 bytes Short BSR
2 bytes padding
	A) Neither PHR (8 bytes) or Long BSR (5 bytes) fit.


	8
	3 bytes C-RNTI
5 bytes Long BSR

	3 bytes C-RNTI
2 bytes Short BSR
3 bytes padding
	3 bytes C-RNTI
5 bytes Long BSR

	3 bytes C-RNTI
2 bytes Short BSR
3 bytes Single Entry PHR
	D) contains both BSR and PHR and will not be considered further.

	9
	3 bytes C-RNTI
5 bytes Long BSR
1 byte padding

	3 bytes C-RNTI
2 bytes Short BSR
4 bytes padding
	3 bytes C-RNTI
5 bytes Long BSR
1 byte padding

	
	

	10
	3 bytes C-RNTI
5 bytes Long BSR
2 bytes padding

	3 bytes C-RNTI
2 bytes Short BSR
5 bytes padding
	3 bytes C-RNTI
5 bytes Long BSR
2 bytes padding
	
	

	11
	3 bytes C-RNTI
5 bytes Long BSR
3 bytes padding
	3 bytes C-RNTI
2 bytes Short BSR
6 bytes padding
	3 bytes C-RNTI
5 bytes Long BSR
3 bytes Single Entry PHR
	
	C) contains both BSR and PHR and will not be considered further.

	12
	3 bytes C-RNTI
5 bytes Long BSR
4 bytes padding
	3 bytes C-RNTI
2 bytes Short BSR
7 bytes padding
	
	
	

	13
	3 bytes C-RNTI
5 bytes Long BSR
5 bytes padding
	3 bytes C-RNTI
2 bytes Short BSR
8 bytes Multiple Entry PHR
	
	
	B) contains both BSR and PHR and will not be considered further.

	14-15
	Same as before but more padding
	
	
	
	

	16
	3 bytes C-RNTI
5 bytes Long BSR
8 bytes Multiple Entry PHR
	
	
	
	A) contains both BSR and PHR and will not be considered further.



It should be noted that although the network can impact whether a Long or a Short BSR is triggered by restricting the number of configured LCGs, we think it is too much of a restriction in configuration. Hence, it is fair to say that the network cannot know beforehand whether the UE will transmit a Long or a Short BSR. Also, the example above assumes two LCGs have data available for the Long BSR. If more LCGs have data, the grant needs to be even bigger for a PHR to be included as the Long BSR will be larger.
The results can be summarized in the following table.
Table 3. Minimum grant size for msg3 for a PHR to be included.
	
	multiplePHR configured
	multiplePHR not configured

	Short BSR triggered
	13 bytes
	8 bytes

	Long BSR triggered
	16 bytes
	11 bytes



It seems straightforward to assume that 8 bytes is sufficient. However, as the Single Entry PHR reports the PCell (the LTE cell) it is useless for the gNB doing the NR scheduling. Thus, in order for the gNB to get a PHR in msg3 it has to provide a grant of roughly 13-16 bytes, which is too large.
[bookmark: _Toc513486011][bookmark: _Toc513630028][bookmark: _Toc513655133]With current functionality, the network has to provide a prohibitively large grant to get a PHR in message 3.
Solutions
Given the problem above, we present two simple solutions. In the Annex we provide the same type of analysis as above but with the two solutions in place. More manageable grant sizes can be seen.
Format of Single Entry PHR
In the current MAC spec, the format of the Single Entry PHR is shown as below.


If the "PCell" is replaced with "SpCell" the UE would report the value of the NR cell to the gNB in case of EN-DC. We think not configuring multiplePHR for the SCG is beneficial in this case. In case of no dynamic power sharing between LTE and NR, the PH values for the LTE cells has no use in the gNB and vice versa. With this change it is sufficient for the network to grant 8 bytes (or 11 bytes in case of Long BSR) to get the PHR in msg3. We think that is much more achievable than the roughly 15 bytes which would be required otherwise.
[bookmark: _Toc513486016][bookmark: _Toc513655122]Change "PCell" to "SpCell" in the Single Entry PHR MAC CE.
Priority order handling
A slightly larger change is to consider the priority order. According to the existing MAC spec, the logical channels shall be prioritised in accordance with the following order (highest priority listed first):
-	C-RNTI MAC CE or data from UL-CCCH;
-	Configured Grant Confirmation MAC CE;
-	MAC CE for BSR, with exception of BSR included for padding;
-	Single Entry PHR MAC CE or Multiple Entry PHR MAC CE;
-	data from any Logical Channel, except data from UL-CCCH;
-	MAC CE for BSR included for padding.
If the BSR and PHR were to change places, the PHR would be included before the BSR. Even though this change impacts all transmissions (not only msg3) it would only have an impact when the grant is small and both a BSR and PHR has been triggered, which is typically the case for msg3 transmission. The network already knows the UE has data to transmit, and we think it is more beneficial for the system to prioritize the link adaptation over buffer estimation under these circumstances. Therefore, we suggest 
[bookmark: _Toc513067752][bookmark: _Toc513109808][bookmark: _Toc513111352][bookmark: _Toc513464059][bookmark: _Toc513486017][bookmark: _Toc513655123]Single Entry PHR MAC CE is prioritized over MAC CE for BSR.
[bookmark: _Ref190406817][bookmark: _Toc226862296][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246]There is one corresponding CR in [3].
Conclusion
Based on the discussion in section 2 we propose the following:
Observation 1	The inclusion of a PHR in Msg3 during RA is beneficial for the following reasons:
1)	The network can improve link adaptation for the transmission of the next scheduled message on PUSCH after Msg3
2)	With reciprocity, the network can estimate the downlink pathloss and improve link adaptation for the transmission of the next scheduled message on PDSCH after Msg3
3)	Together with the inclusion of a BSR, the resource allocation for UP data is prepared at an early stage
Observation 2	An additional PHR trigger event must be defined for the purpose of inclusion of a PHR in Msg3 for an RA procedure triggered for RRC connection establishment/re-establishment.
Observation 3	An additional PHR trigger event must be defined for the purpose of inclusion of a PHR in Msg3 for an RA procedure triggered for RRC connection resume.
Observation 4	For the purpose of inclusion of a PHR in Msg3 for an RA procedure triggered by SCG addition, no additional PHR trigger event is necessary.
Observation 5	For the purpose of inclusion of a PHR in Msg3 for an RA procedure triggered by handover, an additional PHR trigger is not likely necessary.
Observation 6	Single Entry PHR MAC CE uses 3 bytes, while a Multiple Entry PHR MAC CE requires at least 8 bytes.
Observation 7	With current functionality, the network has to provide a prohibitively large grant to get a PHR in message 3.

Proposal 1	Change "PCell" to "SpCell" in the Single Entry PHR MAC CE.
Proposal 2	Single Entry PHR MAC CE is prioritized over MAC CE for BSR.
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Annex – In-depth analysis with the solutions
If both solutions are applied we get the following.
	UL grant (bytes)
	MAC PDU contents
	Comments

	
	Case A
	Case B
	Case C
	Case D
	

	7
	3 bytes C-RNTI
4 bytes padding

	3 bytes C-RNTI
2 bytes Short BSR
2 bytes padding
	3 bytes C-RNTI
3 bytes Single-Entry PHR
1 byte padding
	3 bytes C-RNTI
3 bytes Single Entry PHR
1 byte padding
	C) contains a PHR, saving 4 bytes.
D) contains a PHR, saving 1 byte.

	8
	3 bytes C-RNTI
5 bytes Long BSR

	3 bytes C-RNTI
2 bytes Short BSR
3 bytes padding
	
	
	

	9
	3 bytes C-RNTI
5 bytes Long BSR
1 byte padding

	3 bytes C-RNTI
2 bytes Short BSR
4 bytes padding
	
	
	

	10
	3 bytes C-RNTI
5 bytes Long BSR
2 bytes padding

	3 bytes C-RNTI
2 bytes Short BSR
5 bytes padding
	
	
	

	11
	3 bytes C-RNTI
8 bytes Multiple Entry PHR
	3 bytes C-RNTI
8 bytes Multiple Entry PHR
	
	
	C) contains a PHR, saving 2 bytes.
D) contains a PHR, saving 5 bytes.
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